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ABSTRACT 


Pires thesuaratitenprsstoefcollect basic idatal on <soil 
CuG@TU el tym ande toeitest® the applicability sof laboratory 
cpu veati1Ooneresultsuto field studieésvof soil=serosion: Few 


similan studies exist. 


Witnine | five Pease basins, 17 one square-mile 
(2.59 km?) units in the Bow River Basin above Bassano oe 
were selected were —Bycilelies These areaS encompass the 
landscape spectrum from the mountains to the plains in 


Southern Alberta. 


Following field mapping of the units according to a 
parametric system 153 samples were collected. Samples were 
tested GOue sor CLrodibility, aggregate Size, texture, 
SEganicmecenbon scontent, and bulk ‘density. For soil 
erodibility tests, the Edmonton-pattern rainfall simulator 
Was SUSe0. Rainfall’ intensity was held constant at 
402 mm/hr. Fach sample had three runs of 30-=minutes each, 
and soil moisture, slope angle, and cover density were 


varied. For the first two runs, total soil loss ranges from 


VOL feo. 82 N90. g/ne. 


The data were analysed by multiple regression 
techniques, and a simplified prediction equation using Slope 


angle, cover density, aggregate size, and organic carbon 


content as the independent variables was established. About 
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80 percent of the total variation in laboratory simulated 


soil loss is explained by this equation. 


Thr tyererosions plots "of “about 7 m2 in Size were 
PS eo sl Cdumet natn e ata lle wof — 1972. These plots were only 
serviced one to three times in 1973. A more intensive 
sampling program for 16 plots was carried out in the summer 
of 1974. Total amount of measured soil loss for the season 
Langes@enom= ovis to 94.5 q/me.) About? 40) tol 50) percent of the 
total variation in measured soil loss is explained by the 
independent variables: rainfall amount, cover density, 


aggregate size, and bulk density. 


With reference to constant rainfall amount and cover 
nee the laboratory Simulation model was tested against 
observed field soil loss. The correspondence is generally 
good, and the coefficients of correlation range from 0.5 to 


0.7. 


Since the laboratory simulation model is substantiated 
by field data, the results are generalized to cover all 1/7 
units studied. Plotting Of unit) soil ‘erodibility shows a 
reduction in erodibility from the plains to the foothills 
and a slight increase again towards the mountains. The 
pattern appears to be explanable in terms of regional 
environmental characteristics. Unit soil erosion potential 


shows a similar pattern. 


Drainage basin relative erosion rates were evaluated by 
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considering mean soil erodibility, mean ground slope, mean 
cover density, and relative rainfall CGOSlVity. The 
computed results seem consistent with available sediment 


yield records. 


From these results, the deduced present rate of 
sedimentation at the Bassano Dam is much lower than the 
unadjusted ‘pies term mean. Major sources of sediment supply 
areue(aypeexcessivelly erodible glacial or alluvial deposits 
and bedrock along major drainage channels in the upper 
foochs lls: (b) steeply sloping coulee sides, ditches, and 
cultivated land on moderate Slopes in the prairies; and ({c) 
cultivated and poorly grazed areas in the foothills where 
Eat | Werosilvi ty wand sediment delivery rates are 


considerably higher than in the prairies. 
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‘Tal Erosion Research- 


The problem of accelerated erosion has existed since 
very ancient times and the fall of many early civilizations 
may be attributed to the ravaging effects of soil erosion. 
The perception of this problem can be traced back in HaStoLy 
BOmeccemecallyYercdsethe 5th Century B.C. in China (Hsin 1958). 


In North America, the problem was recognized in the early 


Seventeenth century (McDonald 1941). 


Scientific research on erosion only began with Ewald 
Wollney in the 1860's in Germany (Baver 1938). Plot studies 
of runoff and eroSion in North America were started in the 


1970's and 1920's.2 


In the following 50 years, research concentrated in 
two main areas, one practical, the other theoretical. ie 
relation to practical needs for tackling imminent erosion 
problems in cultivated areas, large amounts of soil loss 
data had been collected since the 1930's. Various factors 
of topography, rainfall, crop cover and management, and soil 
were related to measured soil loss. Musgrave (1947) 


Summarized some of the earlier findings while Wischmeier & 
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1 e.g. Sampson & Weyl 1918; Duley & Miller 1923 
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Smith (1961) assembled all then available data and developed 


the now well-known UNIVERSAL 2GILSLOSS BOUATION. 


Data for non-cultivated areas were very ~ lami ted: 
With an increasing need of exploiting land and mineral 
resources, a greater amount of research in the non- 
cultivated areas was undertaken. The growing awareness of 
the urban pollution problem spurred similar research in 


populated areas. 


Theoretical research was directed at the physical 
processes affecting erosion. Middleton (1930), examined 
physical and chemical properties of the soil at bectang sts 
erodibility. Laws (7940, 1941) and Laws & Parsons (1343), 
showed the relationship among raindrop size, rainfall 
intensity and rainfall energy. Ellison (1945) demonstrated 
the then unknown important effect of raindrop splash on 
erosion, Relationships of raindrop size to intensity and 
type of rainstorms were further examined (ROQGES Ctea lei ou, 
Kinnell 1.97.3):. The mechanics of overland flow under 
Simulated rainfall in the field and in the laboratory were 
investigated (Emmett 1970), as were conditions under which 
Surface crusting is developed on bare soil surfaces (Bryan 


1974). 


These two areas Ot research, practical and 
theoretical, are interrelated. Most recent studies are 
attempts to examine detailed relationships between selected 


variables and soil loss so that the findings will also throw 


: 










_ a ai Fi 


; ae 


"7 













¢ ’ 
feunfevel tna taih eidelicva codte the beldegeee praeky 


SOLTAUQS €080 (You. TRRPIeeY avert“ Liew eee 


«<Dagigil  y2ev S308 |nec8 hotel stuseage ro? wees = iy 


lezenio hos bort wrardielave 4° ean . (OleeN 7 


“71> 5 on fi f Aan ae th Anno s: 185 © _ re 4 
. } 
oO < =a a i | > b| e ee ~ if ts 


ig 4 ce #2 ey 4 sisyede 


Yet hes athe i 


*, . 
‘ ’ ; \ - : i «© ca apn tm - ; 


, , " - 
ba 352.3 Yee ry) segt ite Diwi*, Weiglies Pdi — a 
ae ; ‘3, =, Se 
: : ; ye J : Pek its { 09e5.- od? a 
| . 
bi puree S stipe jor trices to ged tehiey ) 
‘ t ' » ~ +. r : - m 


as eee Pee wat bah l*av } cobb ‘' j ef T (= a9 Lipa : 
Siar | Sreresedel ott oh one, be Thy ais Tel tetas 9d ened. 
fats. se dnp aod tr filles edthune h\. f0T Gi! i iaeme) hast 
aog3s) SeapR tue Line, Foe KO bsacdtAerk xf pasdeiigs 4 


van 


a ’ . * 





‘ a . 
i : > ; ; 
La 











; aiitex hy pe 
7 oS ? : AS ahs 7 
on 


es = y : a 


light on the physical processes involved (en ge Meeuwig 


1970, Farmer & Van Haveren 1971, neve Seay 


eel eal Land Erosion and Sediment Yield 
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EroSional processes occur when soil particles are 


detached, entrained, and transported by erosive agents such 


as = Watery = 4ice Fe and® wind: The result is soil loss. The 
present study is confined to water erosion. Within a 
drainage basin, eroded soil particles may either be 


deposited in low-lying areas in the basin or be removed from 
the basin as sediment load. The long term average sediment 
load at the basin outlet is the sediment yield of the basin. 
Since the proportion of eroded to removed soil Pabeicles, mor 
‘sediment delivery ratio', varies from basin to basin (Roehl 
1962), sediment yield and land erosion are not necessarily 
correlated although under homogeneous environmental 


conditions a broad regional relationship may pertain. 


sediment yield is the output of the drainage basin 
System. The slopes and drainage networks, responding to 
inputs of “rainfall, ‘supply and ‘transport sediment. The 
physical processes that are responsible for sediment yield 
include rainsplash, overland flow, gullying, bank erosion, 
bed scour, and various forms of mass wasting (creep, slips 
and slumps). But the magnitude and frequency of occurrence 
of these processes vary considerably. Rainsplash is by far 


the lowest in magnitude (in terms of effect on sediment 
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yield) but probably the highest in frequency of occurrence. 


While the sediment load being carried past a certain 
ore by a river reflects erosion in the basin above that 
point, it reveals neither the major sources of the sediment 
nor the relative significance of the various erosional 
processes responsible Lor this sediment load. An 
understanding of the relative rates of sediment yield or 
Soil loss and their Controlling factors requires on-site 
measurement of erosion under a variety of field conditions. 
The investigation of the relative Significance of erosional 
processes necessitates detailed experimentation in the field 


and in the laboratory. 
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The Bassano Dam (Fig. 1-5) was constructed on the Bow 
River, a major tributary of the South Saskatchewan River, 
about 80 km downstream from Calgon yoaT aoe. The main 
purpose of the dam was to supply water to the Eastern 
Irrigation District. In 1971 the reservoir behind the dam 
was almost completely filled with sediment. Hollingshead, 
Yaremko, and Neill (1973) estimated that the annual sediment 
yield of the watersheds draining into the reservoir is 65.5 
m=-tons/km2. The gross drainage area of 19 710 km2 was used 


for this computation and no adjustment was made for upstream 
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storage in the Ghost, Glenmore, and Bearspaw Reservoirs.2 
Data were not available to give any indication of the 
sources of this sediment yield. The Research Council of 
Alberta launched a broad scale investigation of this 
problem. The present study concentrates on one aspect of 
this larger investigation, soil erodibility and soil erosion 


potential and their relevance to sediment yields. 


tty Pe Erosion and Related Studies in Alberta 
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Much is written about wind erosion in the prairies 
but research on water erosion has been limited. Mean soil 
POssmeote theme iQemycars® plot record at St. Albert shows a 
Variation from 0.6 m=tons/km2 for virgin soil to 188 n= 
tons/km@ for ;wheat and fallow rotation (Toogood 1963). 
Toogood & Newton (195C) and Toogood (1963) concluded that 
from the agricultural point of view scil erosion by water in 
the province is not a serious problem. However, these are 
conservative estimates because the soil studied was a deep, 
highly aggregated Black Chernozem, which is one of the most 


resistant soils to erosion in the province. 


Campbell (1970) measured erosion rates using small 


cue we ose ae toe coer te =e ere om 


2 On the Bow above Bassano Dam, Ghost Dam was constructed in 
1929 with a storage capacity of 94 x 16: m3. In 1933, the 
Glenmore Dam was constructed on the Elbow just above its 
confluence with the Bow. The Glenmore Reservoir behind the 
DaMevisedeGapacity,of 28°% 10% ms and since then “as) used to 
supply.—watereato.the City of Calgary. In 1954, the Bearspaw 
Dam was constructed on the Bow above the City of Calgary. 
ThCme CAPAC It yenoratthesreservoireis) 259x006 mo0q(Neldl ret al 
197 Oe. 














; oh 

Sistioyvyisaul 99ers bt ,oatar iy eer, ark ith 
ei* fo delvauthnti Fas evep- 703 oleate nat Jon -Sene”. 
rE sane Aeraer : Baer bisie SYogtitenwige 2e 2905808) 
aydd 46-6. ac piteovr: lene Soead) 3° Seterer y ctaedte 2 


20) I. Se IO i J P 
d ‘ 
. > _ j © , ~ 
in OTF . ry .* : ) : ? 4 
Foyle. baa €4 
; fers 
. 
i / ' igs 
‘ yd 
— 7 i i 
oT! ‘y gy 
:* 
@ a 
‘ & >. * 
ft : yea 
2 ‘ 
F; 
® ; ; 
- © 
, 4 ri 4 adie ae ped 
« ~ oa a eb e& > 
I 
} HpLyes 
’ » sok 
ziws 3 a iseJ tensaees 
ee 


Yeorm GiS-2oO Stove! A | “Go vdtdbale fee Pothy sy. 


69 TRA 1 it (dese ete coe eae ad 


— soa m228 ° AOSeooS GotTpeaen ra 


p 4 : ’ Y - ’ o * 


wate ie aan. | Sore fi x 
ele ‘ i 





6 


plots at the Steveville badlands. By extrapolation, the 
average rate is 1 540 m-tons/km2 for the barren sites and 22 


m-tons/km2? for the vegetated sites, 


The potentially devastating result of erosion in 
Alberta can be demonstrated in the Swan Hills (St. Onge & 
Lengellé 127 mee lotestudies reported by Wyldman & Poliguin 
(1973) indicate a very high seasonal rate of 6 480 to 20 006 
m=-tons/kn2, 3 The high erodibility of the Swan Hills 
material : fine sandy clay to weathered shale with coarse 
fragments is demonstrated. Similar weathered bedrock are 
rated more erodible than glacial till deposits in the area 


(Kathol & McPherson 1974). 


Eso Wt Secor avila yeeeret iInqsemewere investigated by 
BUutLeray(196d)senrnetithes ForestosReserve: Various glacial 
deposits were ranked according to an estimate of their 
relative infaltrationtlrate;, grain size’ characteristics, 
Carbonate cement, binding strength of silt and clay and, 
therefore, erosion hazard. The carbonate content criterion 
was used in a study of land-vegetation typology in the upper 
Oldman basin (Jeffrey et al 1968). Unfortunately these 
ideas were not tested quantitatively and no clear 
distinction was made between the erodibility of the parent 
materials, such as different types of till, and the soils 


developed from then. 


3 These rates are extrapolated from 4 plots data of size 
15 m@ at 30 percent slope and over 4 summers, 1968-1971. 
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Quantitative tests of soil erodibility of mainly 
prairie soils were investigated by Boyan (1975)) Susing 
laboratory rainfall simulation techniques. Generally soil 
erodibility increases with increasing climatic aridity. 
aavenenvas SOil loss values determined in the laboratory have 
no absolute significance, the fact that @4u percent of the 
samples Tested exceeded those of annual soil-loss on 
eg evculturaleelandse8of 85 =tons/acre ore "1 730 ne- tons/kn2 
(Hudson 1971) gives some indication of the high erosion 


pPoreneta VO =A Lbertassoi ls. 


Various studies on infiltration rates show that 
because of the normally low rainfall intensities in Alberta 
and high initial infiltration rates, surface runoff is 
unlikely to occur during most summer storms (Verma & Toogood 
1968, Beke 1969, Spence 1972). However, comparison of 
rainfall intensity and infiltration rates measured by 
standard double~ring infiltrometers are not realistic 
because water, not rainfall, is used and sealing and other 
effects due to rainsplash are neglected (Branson, Gifford, & 
Owen 1972). Antecedent moisture content of the soils is a 
further variable. For the soil moisture regime in Alberta, 
a low intensity storm night cause some runoff in the spring 


but probably not in mid-summer. 


tae Ss Research Frontier 


WS CHD SUP OEY Coy RS Ces GES wD Soe owe i Pe ED SED 


Even for rainfall erosion, the relative erodibilities 
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Ofeen Oerta sesoils. area - not quantitatively defined. The 
relationship of soil properties to erodibility is only 
partially tested in the laboratory and not known in the 


field. 


Above BLU eeeNCe applicability of “the laboratory 
rainfall simulation technique in Studying erosion and 
erosion potential to field situations has never been tested 
quantitatively. Only very limited research on this BIG) Sabie 
has been carried out anywhere and most are conparisons with 
Hatural “rainfall GWAR Oren estics and field rainfall 
Simulators. Recently, Barnett & Dooley (1972) reported that 
for prediction purposes the use of simulated erosion data in 
the field approximated erosion data Pesuleing from paturaL 
rainfall. A similar result was reported by Young & Burwell 


ETA. 


ea Objectives & Scope 
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The “specific objective of the present study was, 


through the use of laboratory Simulation and field 


measurements, POmsdeve lop wrand stest sam soil) serodi ba lary 
predictive equation relevant to sediment yields. This 
required collection or. data On variations in soil 


erodibility in the study area; collecticn of data on spatial 
and temporal variations in soil loss by on-site field 
measurement and laboratory simulation studies; relating 


these variations to the conditions under which erosion took 
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place; and testing the Significance of the soil loss model 
developed from laboratory data with CEeSpecteivo Sfielas data 


collected. 


This study is only concerned with rainfall ErOs1On. 
Erosion due to wind and snowmelt runoff are not considered, 
though it is recognised that they may contribute Significant 


amounts of sediment. 
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The watersheds draining into the Bassano Reservoir in 
the Bow River Basin were examined in this study. 
Considering the possible contribution of erosion studies to 
the future siting of an alternative dam, oniy the watersheds 


in the basin below Bearspaw Dam were studied. 


EhvSoeatea Om about e108000 km2 includes the mountains, 
foochwits;) andesplains™ topography found in this part of 
mEUoCE T(E. G.ani- 2). chcmwestern amit “coincides with =the 
continental divide, marked by prominent peaks rising to 
3 000 m above sea level. About 23 km east and northeast of 
the continental divide is the Front Range (Highwood Range) 
with peaks generally at 2° 7.00 ns Between lies an 
intermountain area with an average elevation of about 


25000 8m. 


The eastern slope of the Front Range is demarcated by 


a sharp break in slope. Eastwards lie the inner and outer 
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FoouhMistareas .£iStilise further easto are! the GleatePlains of 
the continental interior. The boundary between the 
foothills and the plains is very indistinct. Roughly it 
follows the line between Calgary and High River, and 


generally coincides with the 4,000 ft (ie 2 Cen) mecontoun 


1.4 Methodology_& Sampling 


We =e SS coos SSeS eS =e 6 Ss GLP = ES == i> a> 


Soil samples from the three physiographic zones were 
collected and tested in the laboratory using simulated 
tPaintalinw= Slope,h cover density, and moisture conditions 
were varied to provide some information on the Eetatzonsit p 
of these variables to erosion potential. Selected soil 
properties of the tested samples were analysed to provide 
the basis for evaluating how variations in the material 


factor affects soil loss rate. 


Statistical analyses of these data, together with 
known theories concerning the mechanics of erosion, were 


Used CoO develop a laboratory Soil loss prediction model. 


Suitable erosion plots were used to collect field 
data in the same areas. Unfortunately, because of the rough 
terrain in many parts of the study area, the use of the same 
rainfall simulation technique was prohibited and recourse 
was made to natural rainfall. Again a variety of 
physiographic zones, soil and landuse types were covered. 


The laboratory model was then applied to the conditions 
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under which the field data were collected and compared to 


the observed values. 


Three physiographic zones : mountain, foothills, and 
plains, each with its distinctive environmental 
characteristics, are covered in the Study area. They occupy 
anweabeawores 0G, Boel O0RTande@5es8C00tkn2 respectively. Because 
sediment yield data were collected at basin KevV.els padi) ait 
convenient “to ’select ‘for study representative drainage 
basins within each physiographic zone, Areas” occupied! by 
each selected basin are shown in Fig. 1-3. In each basin, 
one=square=mile units were selected for study. The location 
GE Cresinitsiwereetound Sins “Figs 1-5% Units wer further 
Subdivided into '‘sites' by field mapping. The areas of 
these 'sites' generally range from 0.01 to 0.1 km2. Erosion 
Plots *O£Vsize 1 m2 and sampling points of an area of 0.1 m2 
are located within selected sites. The sampling hierarchy 


described above is shown in Fig. 1-3. 


se 32> SD oe Sw ESS a OS oe ee oe 


Three conditions governed the selection of the sample 
basins : accessibiirty, sediment yield data, and 


physiographic zone. 


A number of map sources* were used to compile an 


vr 


Seen bet caeeCQUnty es Maps. Nosi 2 6 16; Alberta Munacipal 
District Maps Nos. 31 & 44; Canada Topographical Maps 
(1:250 000) Nos. 82-1, 82-3, 82-0, & 82-P; Provincial Access 
Series, Department of Lands & Forest (1:253 440) No. 82-0/J 
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access map of the study area. It indicated that aCCeSSaris 
limited west of a north-south line drawn through the town of 
High River. Given this constraint, basins in which access 
to more steeply sloping ground is provided were given 


priority. 


Reported sediment yield data of medium-sized drainage 
basins are limited. Sampling of Suspended sediment at the 
Highwood station near its mouth (Fig. 1-4) by Canada Water 
Survey sOnlysbegansine1972., A-project funded by the Research 
Council of Alberta (Abrahams § McPherson 1 C72)ecollected 
sediment yield data at 50 stations in southern Alberta, and 
in order to coordinate with this latter project and to be 
able to eventually evaluate erosion potential from their 
data, only basins with this sediment yield data available 


were used. 


To investigate variations in erosion among the three 
zoneS : mountain, foothills, and plains, sample basins have 
been selected in such a way that areas belonging to these 


EnrSes! provinces*-are included: 


Within the constraints imposed by these three 
factors, five drainage basins were selected for study. They 
ate Cataract Creek, Three Point Creek, Pekisko Creek, 


Stimson Creek, and West Arrowwood Creek (Fig. 1-5). 
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The NTS grid system has been extended into the Forest 
Reserve areas and the one-square mile areas (equivalent to 
2.6 km? approximately) form the basic unit of StUCY ee nithin 
each selected basin, available information on bedrock 
geology, Surtacta | deposits, soils, vegetal cover or 
landuse, and other physiographic characteristics such as 
elevation and mean gradient of slope were assembled. Then, 
units were selected to provide a suitable coverage of the 
vatious physical characteristics of the ‘unit! to produce a 
comparable number of units in each physiographic zone 
weighed according to area. Selected sample units of the 


basins are shown in Fig. 1-5. 


eal eu NOMcete Ge! Plott Levels 
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One to three locations were selected from each unit 
POEeee1eeinstallation of erosion plots. The number of plots 
reflected the degree of variability of the general erosional 
environment in’the unit. The number of units and plots by 


drainage basin is given in Table 1-1. 


ees Summary 


The background and relevance of this investigation to 
erosion: research are presented. As an illustration of the 


cSsearch done and in order to bring into focus existing 
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knowledge in this field, pertinent literature is reviewed in 
the following “chapter. some attempts are made to compare 


results from different sources. 
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21 General Remarks 


Literature relevant to this PLOjectycan be classi tied 
into four categories : (1) field and laboratory techniques; 
(2) physical characteristics of the area, and (2yetactors 


affecting erosion and (4) soil loss prediction. 


Category (1) will be reviewed in Chapter 4 and 
category (2) discussed in Chapter 3. The last two 
categories will be treated here. Other relevant literature 


will be related to the points under discussion. 


Zena Soil Properties 


The soil properties that affect its erodibility are 
threefold: infiltration, moisture content, and other surface 
GUardctenistics:Seaggqregation? and )§particle!@size: organic 


content; and other chemical properties. 


Many infiltration equations have been developed 
(Amorocho 1967). The classical model of Horton (1933, 1940) 
Pelatcdsraintall; runoftt, and infiltration ;: the higher the 
PELCenteagc Becki tiniritraticonavins brelatironsstogrrunoft paacie 
smaller is the amount of soil loss. Hendrickson (1934) 


found that very thin layers of silt and clay sediments 
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applied in suspension quickly blanketed flat sana surfaces 
and effectively clogged the pores, impeding entry of water 
into the soil. Eilison (1945) demonstrated the relationship 
of PDEierat von eratesand soi) Splash and raindrop erosion. 
Splash erosion increased as infiltration rate decreased. 
The reduction in infiltration rate caused by a given amount 
ObeesDlash@ varteds with soil’ “type. Peele (1937a) also 
emphasized the rate of water percolation as an index of soil 
Crogibubety . Nazatov (1974) showed quantitatively that 
“infiltration rate' is a valid index of soil resistance to 


erosion. 


In most of the infiltration/runoff studies prior to 
the A960%s, Okthe Hortonian model Was applied with 
infiltration usually defined as rainfall minus lalbobina 
(e.9-eadanseuet) -aie 9 1958)\. Thiseetrend = )isestil WM apparent 
(Gifford 1972). Kirkby & Chorley (1967), following Whipkey 
(1965), suggested an alternative: the throughflow model, 
which is considered to be applicable in forested or densely 
vegetated areas. ‘Overland! flow, as defined in the 
Hortonian sense, may occur locally, such as at slope bases, 
even though the rainfall intensity rate does not exceed the 
infiltration rate. This may have relevance to erosion by 


overland flow in forested areas (Pierce 1967). 


In addition, the partial area and variable source 
area models of streamflow production have been developed. 


These see areas proximate to the water courses and other 
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aoeaspos beingethet areas likely to contribute to runoff 
formation. In forested watersheds, Hewlett & Hibbert (1965) 
suggested that runoff production was achieved by the 
expansion of saturated zones along the valley floors and 


over the lower portions of the adjacent slopes. 


Horton (1933) recognized the significance of soil 
moisture content by dividing storms into two Classes upon 
the basis of the time of their occurrence in relation to 
previous rains. Initial soil moisture content has a greater 
effect on rate of infiltration during the first 20 minutes 
of simulated rainfall than any other factor (Neal 1937). 
Tisdall (1951) suggested all measurements of initial 
infiltration should be accompanied by determination of 


antecedent soil moisture. 


Baver (19237) noted the importance of effective soil 
moisture during precipitation. Runoff and erosion were not 
related to either amount of rainfall (RE)T, rainfall 
intensity (I), or their product (Rf x I). However, with the 
inclusion of the effective moisture factor (4), variations 
in runoff and erosion were significantly related to the 


Variable Kt wv Te xvoM. 


Later studies suggest that high moisture content may 
be only one possible cause of low infiltration rates and 
therefore overland flow. Some soils are water repellent, a 
property related to soil=-wettability (Krammes & DeBano 1965) 


for which there are many possible causes. Fire temperature 
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and type of vegetation are two common ones.! Several studies 
revealed the effect of this DEOPer tye fT onwesoig Serodibalitye 
Osborn §& Pelishik (1964) treated three plots with a wetting 
agent and found the amount of soil loss to be much smaller 
on the treated plots than three identical untreated plots. 
fissaine@@etenal® (1969)e0found™ al *causal ‘célation between 
presence of pine litter and water repellency. Retention of 


rainfall in pine plots was significantly less than in brush 


DLOUS. 


Duley (259239, Studying surface characteristics, 
suggested that the formation of a surface sealing layer 
results from the beating action of Caindrops and the 
fassorting' action of runoff water by which the finer 
particles are, fitted around the larger ones to form a 
relatively non-pervious seal. McIntyre (1958b) identified 
the dominant processes for the formation of surface crusting 
aS aggregate breakdown by raindrop impact and slaking, wash- 
eOGt Img) and tnterstitialestraining*’of fines partichess, Clay 
seal formation was attributed to raindrop impact. “Bryan's 
(1973) experiments suggest that surface clay seals form only 
after rainfall ceases. As clay seals were not observed 
(upg eecdincdl lea his hypothesis is possibly COTrect, 
Reduction in infiltration during cCalnialisecouldsehe 
attributed to blocking of pores by interstitial straining 
and swelling of clay minerals on saturation and an increase 
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in soil bulk density and strength (Epstein & Grant 1967, 
Tackett & ASeee 1965) and decrease in permeability 
(McIntyre 1958a, 1958b) OL heesoLl surtace during entre 
The effect of the development of surface crusting on 
erodibility is reduction in splash loss (McIntyre 1958b) and 


amplification of wash loss (Epstein & Grant USKeIALS 


For, sotl aggregation, Lutz (1934), reported in a 
Study of soil erodibility that a relatively non-erodible 
Clay soil was highly granulated into large, stable and 
porous aggregates, in contrast to the lower content of 
small, compact granules, and the dispersed condition of an 
erodible sandy clay loam. A comparative study of runoff and 
soil loss from sandy loam and clay loams by Peele et- al 
(1945), showed that the sandy loams were more erodible. 
Relatively impermeable surface layers resulting from the 
beating action of raindrop formed more quickly on the sandy 
loams than on the clay loams due to degree of aggregation of 


the soil and degree of dispersion of the soil colloids. 


A point often ignored is that soil aggregation is a 
very complicated process, reflecting variations in 
topography, climate, vegetation and landuse (Kemper & Koch 
S702), eeaud. local aspect \(Balci 7968). At the site level, 
clay content and organic content are th. dominant controls. 
Hartmann & DeBoodt (1974) emphasized the influence of 
moisture. Variations in clay mineralogy and soil chemistry 


are also invoived (Harris et al 1966). 
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Yoder (1936) developed the technique for measuring 
Size distribution of water stable aggregates. Since then, 
many indices of aggregation have been proposed (Bryan 1971). 
A number of these indices relate to soil erodibility 
(Woodburn & Kozachyn 17956; Adams eteals 1958; "8 Farner =seuvan 
Haveren 1971; Toogood §& Lynch 1959; Yamamoto § Anderson 
dQ/syeBryan 1969,° 1974). Although it is unlikely that any 
one of these indices is universally applicable (Bryan 1968b) 
the conditions under which one index becomes more efficient 


than others are yet to be investigated. 


The effect of PRINAEY= paeticle size on soil 
erodibility is compiex because most surface soils in nature 
exist in aggregates. A differentiation, therefore, should 
be made between effect of particles in dispersed and in 


undispersed conditions. 


In a dispersed condition, sand is the most detachable 
andselayesthesenost Stransportable®*(Ellison® 1947) . Ekern 


(1950) Showed that the greatest amount of splash is 


associated with fine sand (0.25 to 0.175 mm). Mazurak & 
Mosher (1968) studied the detachment rate of primary 
particles and aggregates under simulated rainfall. For 


Eaindrops “of S8eunn, Sdetachnent*rate is hiqghesteforifine 
sand (210u°- 105u)) for primary particles. A low detachment 
rate for larger particles was explained by the mass of these 
particles and for smaller particles by their greater 


cohesion. 










+ ch 
a BB, 


an 


Farmer (1973), evaluated the relative detachability 
of particle sizes by comparing the amount in each son laclass 
in the pretreatment soil and the Splashed soil. Without 
overland flow, particle sizes in the Langesof 1100-541 450n 
ae the most susceptible to detachment by raindrop impact. 
With overland flow, the susceptible size range was 219n - 


2 O34n. 


For splash erosion therefore, these three studies 
generally agree that fine sand has the highest 
detachability. However the actual SiZeggofs highest 
detachability may be related to raindrop size. Farmer's 
(1973) study is complicated by the fact that aggregates were 
used although original and eroded fraction particle size are 
compared. The explanation offered by Mazurak & Mosher above 


(71968) appears realistic. 


For undispersed particles, i.e. aggregates plus 
particles, Osborn (1954a) found that fine-textured and sandy 
soils have high detachability. Mazurak §& Mosher (1970) note 
that peak detachment rate produced by 5.1 mm raindrops lies 
ineetnewmrangemOLe 2.26 to 61.68 mn for silty clay loans. 
Moldenhauer & Long (1964) reported that fine sand is highly 
erodible but because of high infiltration capacity the 
resultant amount of soil loss is small. On the other hand, 
Silty clay possesses very stable aggregates but because the 
fines tend to form a surface seal, there are high rates of 


Tunotet and seilk loss. 
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These studies are not comparable because erodibility 
of aggregates varies from one soil to another. The amount 
of organic matter present affects Stability of aggregates 
(Peele 1937b). Also clay and Organic content may vary with 
Age of aggregates (Garey 1954). Yet, it is reasonable to 
assume that for comparable amounts of Organic. Matter, 
aggregates of sandy soils are less stable and therefore are 


somewhat more erodible than Clayey soils. 


Pi eedensi ty sande voids 7atio of a soil affect Ls 
infiltration and erosion characteristics. Adams et al 
(1958), examined the effects of variations in bulk density 
On erosion under simulated rainfall. Wash loss shows a 


Splash erosion. Meeuwig (1965) found a Significant positive 
relationship between bulk density and soil loss, although 
this relationship is only applicable to the fine-textured 
Soils studied. Work on coarse textured soils by Packer 
(1954), revealed that soil bulk density exerted very. little 
influence on soil loss. Yet;e Sto eFarmer  e6evan Haveren 
(1971), soil bulk density was one of the significant factors 
affecting raindrop splash erosion for both sandy and clay 
soilssetStrictlycspeaking, the findings of these studies are 


not comparable because when several variables are involved, 


the significance of bulk density can be masked. 


An experiment specifically designed to study the 


effect of bulk density was reported by Foster & Martin 
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(1969) where the relationship between rate of erosion and 
LunEophweight Aarons -bulk density, varied with slope. Ata 
Slope of 3 : 1, rate of erosion decreases with unit weight. 
Withwea Bskope soe + <1 jcthe relationship is reversed. The 
interpretation was that for a given slope, there is a unigue 


unit weight that yields a maximum rate of erosion. 


Under field "conditions, this relationship remains 
unclear, For identical degree of compaction and structural 
Characteristics, bulk density is Closely related to texture. 
For soils as reported in Meeuwig's (1965) study, higher bulk 
density should be associated with sandy soils. So there 
Should be a positive relationship between bulk density and 
soil loss. For the same soil, bulk density varies with the 
degree of compaction. Nore compacted soils should have a 
POvCreitealtration fate and “therefore be more erodible, 
Chiefly by wash erosion. Yet Adams et-al ‘s (1958) results 


contradict this. Many more data are required. 


For organic content, Peele (1937b) found that 
increase in organic matter teduced the erodibility of clay 
soils. Browning (1937), observed that the application of 
Organic matter to soils increased the number of large-sized 
aggregates for soils containing considerable quantities of 
either Activese inorganic. colloidaly material, sor sorganic 
colloidal material. Many subsequent workers endorsed the 
value of organic matter as a cementing material although 


Meeuwig (1970) suggests organic matter has an adverse effect 
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On aggregation of sand particles. He hypothesized that the 
hydrophobic character of organic coating on sand particles 
causes the particles to resist wetting and, possi bly7— to 
possess mutual electrostatic repulsion, thus making the sand 
particles more easily detached and transported, Other 
studies mentioned above concerning water-repellent scils may 


also have relevance. 


For other chemical properties, Wallis & Stevan (1967) 
CoTecrwomedetnesrelationsot «soil chemical base status to 
enodd bili ty. They found-a highly significant inverse 
relationship between the dispersion ratio, the surface 


aggregation ratio, and the Ca + Mg adsorbed on the clays. 


2e3 Indices of Soil fErod 
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The idea that variations in soil erodibility are 
related to soil physical properties and that some of these 
properties should logically be considered indices of soil 
erodibility was first developed by Bennett (1926). Eiike Ghie 
was Middleton (1930), who devised the first of these 
indices. He observed that the two basic physical properties 
affecting soil erodibility are (a) the ease with which 
aggregates are dispersed *and- §(b)i" the™ rate “of? water 
transmission into the soil. On this basis, he proposed (a) 
the ‘dispersion ratiot, the ratio of the amount of silt and 
clay in the undispersed sample to that in sample previously 


treated with a dispersing agent; (bd) * the *coltord 
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content/moisture equivalent ratio which measures the rate of 
water transmission; and (c) an erosion ratio (ER) which 
combined the dispersion ratio (DR) and the colloid 
content/moisture equivalent ratio (Cae. os 
ER = DR/C=-M Ratio 

The usefulness of the dispersion ratio as an index of 
erodibility was tested by Anderson (C95) el henratioswas 
found to be significantly correlated with Suspended sediment 
discharge of streams. It should be noted that Saas 
Sediment yield is not necessarily related to soil loss 


unless a uniform ‘delivery ratio' is assumed. 


In 7954, Anderson developed another index of 
erodibility, the ‘surface aggregation ratio'® (SAR), where 
erodibility of a soil depends on the surface of the soil 
Pequseings binding “(fine sand size and coarser) and the 
binding quality of the clays and 

SAR = SA/S4#C 
where SA is amount of surface on particles larger than silt 
Size (>50n) and S+tC is percentage aggregated silt + clays 
The ratio was found to be highly correlated with suspended 


sediment discharge from 33 watersheds in Oregon. 


The surface aggregation ratio and the dispersion 
ratio were used as indices of erodibility in an 
investigation of the effect of parent material, vegetation, 
and climate on the erodibility of soils in north California. 


The surface aggregation ratio was found to be marginally 
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more efficient than the dispersion ratio (Andre & Anderson 


1961). 


Yoder (1936) proposed that aggregate size in the 
presence of water is a relevant measure of the resistance of 
the soil to erosion. These water stable aggregates (WSA), 
are defined as the percentage of a Sample which remains on a 
Sieve of a particular mesh during wet sieving. Studying the 
relation between texture, Structure, and erosion of residual 
soils of sandstone, shale, and limestone in southeastern 
Ohio, Gerdel (1937), observed that "the erosible properties 
of these soils vary with the amount, Kend; andestanl lityer ot 
the SOE aggregates," implying that soil aggregation 


characteristics can be used to index SOUT Digit ys 


Following this theory, Woodburn and Kozachyness( 1956)", 
Studied soil erodibility in western MuSsisS si ppl. seri neings 
indicated a fairly good inverse relationship between 
Percentage=werght "WSA» =>" 035° mm “diameter and splash~loss 
under simulated rainfall. Adams et al (1958) also found a 
Significant relationship between percentage-weight WSA > 


2ehmPandesoileloss ain his Towa study. 


Wischmeier et al (1958) developed a soil erodibility 
factor on the basis of extensive plot data collected in the 
United States. The factor is the average soil loss in tons 
per acre per unit of erosion index (EI), from a given soil 
Hn Schltivated continuous® fallow }*"with an aEDPErAELLY 


PeLec GQ mmotatvard.) pilot length of 73 ft (22 m) and a 9 
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percent slope. Values of the erodibility factor for each of 
a series of benchmark soils are obtained by direct soil loss 
measurement. This factor will be further discussed in 


Seectionn4 i647. 


Bryan (1968b), reviewed these and other less well- 
known indices of erodibility. Criticisms on theoretical 
grounds were levelled against some of the above as 
BUnivVereal'eindices) of erodibility : (a) the assumption that 
only dispersed aggregates are eroded; (b) the dependence of 
these indices on the percentage of silt and Clay; yand) (c) 
Eheginelusioneofy'silt’ in the binding fraction. Bryan 
(1968b) went on to report an empirical test correlating 22 
proposed indices of erodibility to soil loss under simulated 
rainfall and concluded that none has universal application, 
though indices related to aggregate size and aggregate 


stability were found to be more efficient than others. 


Yamamoto & Anderson (1973) tested the efficiency of 
16 proposed indices of erodibility using splash erosion 
under simulated rainfall as the standard reference. The 
Bercentage sweight of WSA 0.25 =-0.5 mm in size produced the 
highest explained variation in a principal components 


analysis. 


Recently, Harris (1971), following Sombroek (1966), 
used the idea of Middleton's dispersion ratio and developed 
a new index, the ‘index of structure’. This index is 


defined as 
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(Cee uCy ey xi 1:00 
por omelet se Daturealeclay” and TC eas "*total clayin This 
index is reported on a scale of 0 to 100, with high values 
representing water stable materials and was TOUNd—@ = LOomahe 
Significantly related to porosity. A> similar index was 
independently developed by Voronin 6 Kuznetsov (Nazarov 


Ao74 


2.4 Topography 


Studies in agricultural engineering have long 
recognized the significance of the slope factor "(bennett 
1939). However, most of the experimental work in this field 
is confined to slopes of short length and low angle (80 on 
and 25 percent)). Very little is known about the mechanics 
of erosion for steeper slopes and longer Slope length. Also 
the difference between a ‘small* plot where erosion By 
direct splash transportation is Significant under a 
generally “unrililed “condition” “and a ‘'Yarge' plot “where 
erosion is dominantly by surface runoff, often in rills, has 
not been adequately clarified. Slope angle and slope length 


will be reviewed separately. 


In a classical study, Horton (1945), derived a ‘slope 
function which is related to erosion due to ‘overland flow': 
Ew = +@)=sin © / tan°’36 
where ‘Ew’ is amotnt of erosion, and '@' is slope angle. 


Reviewing a wide range of soil loss data in cultivated 
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areas, Zingg (1940), concluded that unit area soil loss 
varies as the 1.4 power of the percentage slope. Musgrave 
(1947) suggested an average value of 1.35, Smith §& 
Wischmeier (1957) analysed all available data in the United 
States and reported a best-fitting quadratic equation : 
Boma >: 425 t50.30 (8) +_0.083 (6) 2 

Wiet eee Heleiceunit areaisoil loss and '@! is percent slope, 
All these studies are confined to slopes of less than 25 


percent steepness, 


Neal's (1937) laboratory study found that soil loss 
varies as the 0.7 power of slope in percent. The range of 
Slope studied was 1 to 16 percent. Ekern (1954), considered 
the combined effects Ofelalndrop impact and surface runoft 
and concluded from available literature that erosivity of 
Storms should be a function of slope to the power 1.0. 
Schumm (1956), conducted a laboratory study in which very 
steep slopes (up to 60°) were considered. He found a very 
good positive relationship between erosion of one of his 
Perth Amboy badland samples and the sine of the slope. 


Apparently, splash erosion was negligible. 


Engaelanoratory study of %small' plots, Ekern™ (1950) 
presented a derivation of the theoretical relationship 
between siope (6) in degrees and percentage of total splash 
loss in the downslope direction (Sp): 

Slee let eon Xeal OC 


for a slope range 0 to 30 degrees. This relationship 
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accords well with empirical data. However, the percentage 
of Splash aelossetinitthe downslope direction should be 
distinguished from total splash which Ekern did not comment 
upon. Rowlison Geeharrin= (1971); *suggested in their 
"Rational Model‘ that impact force and therefore detachment 
rate by raindrop impact decreases with increasing slope 
because the normal .component of the inpacte=forces sis wa 
GiuGtI oOnweo f the cosine of the slope. On the other hand, 
transportation rate due to raindrop impact increases with 
slope because the tangential component of the impact force 
increases as the sine of the Slope. Under the laboratory 
conditions considered, (i.e. 'small' plot) amount of soil 
loss due to runoff water is small for shallow depth of flow. 
Because maximum erosion can be either detaching capacity 
limited or transportation capacity limited (Ellison 1947), 
the arguments presented would imply a non-linear 


relationship between slope and splash loss. 


Both Shvebs (1968) and Lattanzi et al (1974) measured 
splash loss (Es) under varying laboratory conditions. 
Shvebs collected splashed particles both up and down Slope 
and found that ‘Es' is a direct function of Slope for a 


range of 1 to 20 percent slope. 


Lattanzi et al (1974) collected splashed particles 
only at the lower end of the plot. Therefore, although 
amount of splash shows an increase with slope, the result 


cannot be compared to other studies. For study of slope 
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length, Horton (1945) thought that a 'belt of no erosion! 
exists at the upper end of a given slope because within this 
belt both velocity and depth of overland flow are 
insufficient to produce detaching forces large enough to 
remove soil particles. Recently, Yair (1974), among others, 
has questioned the whole idea of a 'belt of no erosion’, 
Meyer & Monke (1965), observed that the regression line of 
soil loss on slope length showed a negative intercept for 
soil loss in a laboratory experiment using spherical glass 
beads in the non- cohesive sand size Pangea nome st rt 
suggests erosion will only occur beyond a threshold Slope 
length but this can only be true if there is no raindrop 


splash. 


In cultivated areas, Zingg (1940) found that soil 
loss per unit area varies as the 0.6 power of Slope length. 
Musgrave (1947) proposed a value of 0.35. Wischmeier et al 
(1958), summarized previous work and suggested that the 
exponent is variable from year to year. For field use a 


value of 0.5 + 0.1 was suggested. 


For badland slopes, Schumm's (1956, 1964) data as 
presented in Carson & Kirkby (1972) show that erosion varies 
with the 0.77 power of slope distance from divide in Perth 


Amboy, and 1.0 power in western Colorado. 


eign Rainfall 


In the study of Lazntais eLroston, LTaintall 
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characteristics are of fundamental importance, The major 
WOrkK™ depicting “the relationship among various rainfall 
characteristics was done by Laws (1940, 194A e andeelavsuer 
Parsons (1943). They found that the median dropesizes(D 9) 
in mm is related to rainfall intensity (1) inein/hre einwerhe 
equation 

Do = 2.23 [0-182 


with maximum intensity of 4.5 in/hr (11.4 cm/hr). 


Later, Best (1950) presented a different exponent for 
the same relationship : 
Dee Cee 108232 
Still later work (Blanchard 1953, Roger suvet™ fal -§1967) 
demonstrated that during a given storm drop-size frequency 


distributions vary even if intensity remains constant. 


The concept of the SEUSTeEnCeerof la ederinite 
relationship between rainfall energy and soil loss with 
Special reference to rain splash was first explicitly stated 
by Laws (1940) : 


"The key to a possible solution of this 
problem lies in viewing the phenomenon of 
erosion as a purely mechanical process. When 
soil is moved, mechanical work is done. What 
is the source of the energy for this work ? 
CEerrasrevepartr Sof’ tits pse"derived®*fron**the 
kinetic energy of the falling raindrops. This 
immediately suggests that there may be some 
correlation between the energy expended by the 
Ladin"and*’the trésulting soil “lossv" (ps 432 


Wischmeier €& Smith (1958) found a highly significant 


relationship between rainfall energy (F ) and intensity (I): 
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Bye - 21 6etes 21) oga(L) 
where FE, is in ft-ton/acre-inch and I is InSin/hpoaeethis 
relationship was extrapolated to Heyona=bein/hr %75oee cn/hr) 
intensity. A conversion table from rainfall intensity to 
kinetic energy was presented. It was noted that such a 
relationship would not apply to *orographic" types of 


rainfall. 


However, Hudson (1963) demonstrated that for high 
intensity rainfall (above 4.5 in/hr, or 11.4 cn/hryeeithe 
relationship between drop size and intensity does not hold. 
For tropical rainfall, median drop size actually decreases 
with increasing faantall Sintensity @beyond® 4250)in/hr. 
Therefore the type of relationship established by Laws §& 


Parsons (1943) and Best (1950) cannot be extrapolated. 


Smith 6 Wischmeier (1962) later observed that there 
waS an over-estimation of the kinetic energy by the above 
equation for the highest intensities, as was evidenced by 


FiremGatay Olenddsone(196e) sande Mihara (1951) % 


In a study of drop size data from Miami, Kinnelil 
(1973) shows the variations in the relationships between 
rainfall parameters (momentum, kinetic energy and kinetic 
energy per unit horizontal area of the drop) and intensity 
between rain types and geographic locations. Given the 
relatively large amount of variations in relative drop size 
distributions within any rain types, he questioned the 


applicability of values obtained for a parameter from one 
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location to another. Based on similar observations on 
raindrop size distributions, Rogers et al (1967) concluded 
that kinetic energy calculated from intensity measurements 
for individual storms may be erroneous, However, such 
errors would likely diminish in importance in any 


consideration of seasonal rainstorm kinetic energy values. 


The situation when a thin layer of water is present 
introduces another variable : the thickness of this water 
layer. Palmer (1963, 1965) noted the critical etsy nel tee 
water layer (depth at which the maximun Iipact = torce ac 
achieved) for the 2.9-mm diameter dGOD Bis ec. 0mm, torethe 
4.7-mm drop, 4.0 mm, and for the 5.9-mm diameter drop, 6 mm. 
Thes implies that maximum rainfall erosivity occurs in the 
region where Ciceeceitrealeadepth has a near iW = 4 


relationship with the horizontal drop diameter on impact. 


Many experiments have been conducted relating various 
rainfall characteristics to soil loss. For splash erosion, 
Ellison (1945) developed an empirical equation relating 
amount of splashed Muskingum silt loan (Ec ee tOmd LOD 
weTocity (Vq), drop size (D), and rainfall intensity (I): 

Pee eK Viet 3 epi 40 ml 0-65 
wheress*Kie denotes waniationss sin. ‘soileproperties. Using 
standard sand, Ekern & Muckenhirn (1947) found that the 
amount of splash is related to both intensity and drop size, 
and suggest a critical drop diameter below which there is no 


erosion. Later, Ekern (1950) used energy per unit area to 





a5 


characterize rainfall erosivity. There is a linear 
relationship between amount of splash and energy per unit 
area. Again, a critical energy unit “is implied in the 
relationship established. An experiment similar to that of 
Ellison (1945) but using standard sand was conducted by 
Bisal (1960). The empirical relationship established was : 
Ey, = KD Vgi-4 

MicLemPer@etsecplash,@0als dtropesize, Vq is drop velocity and 
Reise ane enpircical’ constant. Rainfall intensity was or 
found to be significantly related to the amount of splash 


erosion. 


For total soil loss (splash + wash loss, £E;) Neal 
Goo ty cound. that 


Ey OG e142 420 


BOT Putnan Spm. loam surface soil under laboratory 
experimental conditions. Wischmeier & Smith (1958), 
examined various combinations of rainfall parameters 


affecting soil loss and concluded that the product of 'total 
kinetic energy' and ‘maximum 30-min intensityt is the most 


Significant variable affecting soil loss. 


Observing that there is little or no erosion at low 
intensities, Hudson (1971) in Rhodesia found by discarding 
rainfall intensity of less than 2.5 mm/hr in the computation 
of ‘'EI* values, an excellent correlation between rainfall 
energy and soil loss. This holds for (a) splash of standard 


sand from Ellison=-type splash cups; (b) soil loss from small 
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field plots of 100 x 30 cm uSing a sieved clay loam soil 
Maintained at constant moisture status; and (c) soil loss 
Prone atgeratee] dimlobts of620% 5ex de5hienhowhere undisturbed 


soil was used and soil moisture content was uncontrolled. 


2.6 Vegetation Cover 


The major influence of vegetation cover is its 
protective effect on the soil from direct Caindrop impact, 
promoting high rates of infiltration, and resistance to 


overland flow. 


Wollny pioneered the study of the effect of plant 
cover on soil loss (Baver 1938), showing that the percentage 
of total rainfall penetrating the vegetative canopy varies 
Wuthet nem types =Of= crop. EOE Sprotected solls, “the non= 
capillary porosity Was 34 - 53 percent higher than 


unprotected soils. 


Following Wollny, many investigations concerning the 
Cetatioushippeofeetypel of) croprand Management of soil loss 
were carried out. These data were collated and the major 


relationships summarized by Wischmeier (1962). 


The work of Borst & Woodburn (1942) was one of the 
earliest studies in North America concerning the effect of 
mulching ..on soil loss, They found that for simulated 
Eadntatlagnethe fields 


"interference with overland flow when plots 
were surface nuiched was not of great 
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importance in curtailing soil Loss. 
Elimination of rain-drop YN pact «sowlt hearts 
destructive effect on the soil Surface, rather 
tienerhe=reduction of overland flow VELOC, 
appeared to be the major contribution of the 
MVMeteley eye ee) 
For the quantitative relationship between soil loss 
and cover, generally consistent results were obtained by a 
number of rangeland scientists. For coarse sand derived 
from granite in Idaho, Packer (1951) found soil loss 
strongly related to the size of maximum bare Openings and 


ground cover density. Rate of increase in soil loss is low 


for decrease in cover density from 100 to about 70 percent. 


Osborn (1954b), investigated the effectiveness of 
cover in reducing soil splashapbyaeraindrop sinpact. 
Detachability of bare soil was measured under simulated 
rainfall and the results extrapolated to field plots of size 
269 £49. 2ecmnceeThisecalculated splash value (S.) was used 
to compute splash effectiveness (SE), 

SE = (Se ~ Eg)/Se 
where E>, is measured splash under simulated rainfall with 
cover in the field. Measured cover density and bulk weight 
of vegetation were found to be significantly correlated with 


SE. 


FOERSibtyieclayes loans» derived from slimnestones and 
shales in subalpine central Utah, Meeuwig (1965) found that 
the variables ;: protective cover (which is defined as plant 


cover + litter + stone) and soil bulk density explained 81 
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percent of the variation in eroded soil. Meeuwig (1970) 
later confirmed the significance of Cover tolsoilleloss an 
the middle-to-high elevation herbaceous rangelands of 


western United States, 


These field studies show a negative exponential 
relationship between relative amount of soil loss and 
percentage cover. 2 The work on splash erosion by Osborn 
(1954b) shows a similar pattern. However, Similarly plotted 
data presented in Shvebs (1968) indicates much Slower rate 
of increase in soil loss with cover less than 50 percent. 
Apparently under the laboratory simulation conditions when 
finely chopped straw was used the small amount of mulch 
tends to be covered by a thin layer of water. According to 
Palmer (1965) ,);such a layer increases turbidity of water and 
tends to offset the effect of mulching to some degree. But 
when the surface coverage by the mulch is more than 50 
BerGentye bthise esiect becomes insignificant and the 


protective role of the mulch increases rapidly. 


Kramer & Meyer (1969), studied the effect of surface 
mulching on soil loss and runoff velocity on a number of 
Slopes. Two sizes of glass spheres, averaging 33 and 121 
microns, were used in the laboratory experiments. Generally 
perelativelyasmalWinulch watelef{about 1-2 m=tons/hectare) 


greatly reduced the erosion rate and runoff velocity for the 


(a oe een 





@ i.e. Very rapid increase in soil loss with cover smaller 
than 70 percent. 


af 


{OC PL). “pawemal +. 2 ipa 


at poo! Jide os 2ayoh ae Sn ae ee 2! 


¥5- ehaclecnra . avs 


Te sa be 95 Lion c sAuCHRH eyirnias eerry ntenotdaagt 


i) <i LW 

a->/ f 

‘ 

e - r ‘ 

E F 

<a ¢ 
4 - 
v 
“i 

Weets06. 20 2552779 Sri be 


: » = ‘- 
26. = sien a. wh, thA90TSV gaeaes K&p 


7 4ST bas ed Caste sera qeamee 


SNEboed amg 


408 -itpe , eee ore: 2 retgs “pstaamrag 7 


,24-“t>o1i doedaged’ te Siae-s 


















eo 


* ei _ais@ets exteooa.-alsnde | 
oreet Pes ied 


vot: melbyes trv £2 omer i 


eas yee) sak Wake é auoim wich h 
i ) aemvtit We bernpaety “sagt : 
bo ai aw geek (Eda a) lameimale 20 - 
cepacia G2. 2eDpe - omen 


‘ iv2H 28 ‘ante soneede vier}? 


24n05e¢ - toegts ris 


Se. (2) ser ye” yeah i 


i 
\ 


- ” > x io a 


ves 
Ae 7 


39 


range of degrees and lengths of Slopes studied. However, 
for the 33-micron spheres, small mulch rates (07. 25nton0. oen= 
tons/hectare) significantly increased erosion LatecetolLentue 
longer slope lengths. This result basically demonstrates 
the greater erodibility of the Smaller spheres but 
apparently the mulch stems lying on the soil surface 
increases surface .roughness and thus the velocity and 
turbulence of the runoff. Also the same kind of thin water 
layer effect found in Shvebs (1968) experiments may apply. 


Such a possibility is suggested by Meyer She eve (GR Aee 


Results obtained by Lattanzi et ole (1974 \eaindacate 
that mulch is highly effective in reducing soil loss fron 
InNterri lio “areas. Mulching reduces the amount of bare soil 
exposed to rainfall detachment; restricts the movement of 
soil by splash; reduces the average flow velocity and thus 
decreases the amount of runoff. However, mulching may be 
much less effective in controlling soil loss where rills may 


develop beneath the mulch or mulch may be removed by -siiow. 


Ze] Soil _ Loss Prediction Fquation 


SS US Ee SESS STS ISS GS Oe UE eB GE ED LOS ES Ge 4S o> Oe =O who Oe? ES ae ae 


Early attempts in developing a prediction equation 
include those of Zingqg (1940), Musgrave (1947), and Van 
Doren & Bartelli (1956). Wischmeier & Smith (1961) collated 
8 250 plot-year records from extensive agricultural areas 
east of the Rockies in the United States and developed the 


now well-known Universal Soil Loss Fquation (USLE). 
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in ethisemeqnation;*®!*long-termt<%soil loss (Aor Bas 
expressed as a function of the following factors : rainfall 
factor (R), soil erodibility factor (K), slope length factor 
(EP, yalopesangles factorh(s) ; cropping management factor (Cy 
and erosion=-control practice factor (P)taso that 

A = RKLSCP 

Details of evaluation of each factor are available from a 
USDA handbook (Wischmeier & Smith 1965). Minor updating of 
this prediction procedure with nomographs has been presented 


(Wischmeier et al 1971). 


Since this Equation was developed from data in 
cultivated areas, extension into unfarmed watersheds require 
considerable modification. Wischmeier (1971) attempted to 
modify factor ‘'Ct in the equation to non-cultivated land. 
Williams & Berndt (1972) demonstrated possible forms of 
modification of the Equation in the Texas black prairie 
area. Short=-cut formulae for estimation of factor 'R! from 
readily available rainfall data were developed (Ateshian 


EAS 


Beyond the areas from which the Equation was 
developed, modification is much more difficult because very 
little is known about the interplay of the controlling 
factors in rainfall erosion. Farmer §& Van Haveren C1391) 
Suggested that the relationship between rainfall intensity 
and kinetic energy assumed in the Equation is unlikely to 


apply to the Intermountain Region. 
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TnnebherCanadvan qirainries, eWigham .& ‘Stolle (1973) 
found that additional factors such as effective drainage 
area need be considered in attempting to apply athe s.USLeaato 
the areas, Their results indicate a good agreement between 
predicted soil loss and measured sediment yield. However 
the study omits any consideration of sediment delivery 


Gatio. 


Most recent developments in this field include the 
erection of 'first-generation' mathematical models to 


Simulate the process of water erosion. 


Following Ellison's (1947) idea, a conceptual model 
which considers four separate but interrelated phases was 
proposed. These include : (a) soil detachment by rainfall, 
(De transport by rainfall, (c) detachment by runoff, and (d) 
transport by runoff (Meyer & Wischmeier 1969). Mathematical 
submodels Fors Gach Vpart, “of the erosion process were 
developed, and pertinent parameter values were approximated 
from available information on basic relationships. The 
submodels were then combined in a computer program to route 


the soil downslope, 


Forster £ Meyer (1972) proceeded further. They 
attempted to describe water erosion on upland areas by the 
continuity of mass transport equation and an equation 
expressing an interrelationship between detachment by runoff 


and sediment load. 
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Considering the number of assumptions involved in the 
model and their restrictions in anplicat1on. eto field 
Situations at the present ‘state of the art', a great amount 
of research work and data will be required to implement a 


more flexible mathematical erosion model. 


2.8 Summary 


Although this survey is not exhaustive, it reveals 
Piemmair ficult es = sinvolvyed in establishing comparability of 
results because of variations in experimental techniques. 
However, even if measurement techniques can be standardized 
as in the USLE, the applicability of these results over 
larger areas is of questionable value. Differences in 
Eat tavicharacteristics over areas of highe rel vets) swaucase 
in point; but even subtle changes in any number of soil 
characteristics are likely to produce considerable 


variations in measurement results. 
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The watersheds under study lie in three 
physiographically distinct zones : mountains, foothills, and 
plains. Commonly known physical characteristics of the 
threegzones (€.9g) Hardy. 1967) Generallygeepply <towethese 
watersheds, These are described with special reference to 
the selected basins in Sections 3.2 = 3.7. Further details 
concerning the selected units are presented in Sections 3.8 


aS onl e 


Bez Bedrock Geology 


Sedimentary rock formations from the Cambrian to the 
Cretaceous age outcrop in the study area (McCrossan & 
Glaister 1964). Generally, three rock groups, each 
differing in their relative resistance to erosion, can be 
recognized : Palaeozoic limestones § dolomites, Mesozoic and 
Tertiary “shales, and Mesozoic & ‘Tertiary sandstones §& 
conglomerates (Fig. 3-1). Strong compressive forces from 
the west in Tertiary times produced folding, thrusting and 
Faulting in the western part of the area where the Rocky 
Mountains are located. The dominant structural trend of the 


mountain system is N 20° WwW. 
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At the same time, fault blocks of Palaeozoic 
limestones §& dolomites were thrust eastwards on to Mesozoic 
Strata. The Highwood Range is a typical example (Hage 
1943). A major synclinal valley subsequently developed, the 
axis of which is located in the present day upper Highwood 
River valley (Allan & Carr 1947). The valley is flanked by 
Palaeozoic limestones & dolomites which form the continental 
divide in the west and the Front Ranges in the east. The 
HWalnevalley®ofethegGataract Creck™*Basin “is® the: “southward 


continuation of this intermountain valley (Fig se3=14) % 


Folding and faulting, however, is not confined to the 
mountains. Faults are numerous in the foothills where the 
less resistant Mesozoic strata responded to stress by 
rupture (Beach 1943). Subsequent erosion produced parallel 
Sandstone and conglomerate-capped ridges and shale valleys 


(Hage 1943, Beach 1943). 


Within the plains, bedrock is progressively older 
towards the east as these younger formations were marginally 
affected by mountain building and only minor Warping 
occurred. The rock formations represented are upper 


Cretaceous and Palaeocene sandstones. 


Total uplift of the area is contemporaneous with 
mountain building in the west. Upland surfaces in the 
plains! capped by the Paskapoo Formation in the northeast 
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1 e.g. the Wintering Hills 
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corner of the area may be remnants of at least two RETLIiacy 


plain levels (Russell 1957). 


= Ss seas ewe Ee ee us eS me So Ge oe 6 SS ee ee oe es ee 


Although the major topographic patterns of the area 
were set prior to the Pleistocene, it was the Pleistocene 
glaciers that are largely responsible for the details of the 
BULeSentedavamlandlorms. Invetorihs America; many. glacial 
periods are thought to have existed in late Cenozoic tines 
(Flint 1971). Rutter (1966) postulated four Cordilleran ice 
advances in the Bow ValVey. pia vee (MoJo yee nd catedaethat 
intervalley correlations show no consistent sequences after 


the major advance, 2 


The area was affected by both the Continental ice 
sheet from the north and northeast, and the Cordilleran ice 
icon) thetvwest 9(Stalker’ 1957). et the mountains, alpine 
glaciation produced distinctive erosional features such as 
cirques and U-shaped valleys. Allan & Carr (1974) suggested 
that the upper limit of valley glaciation in the mountains 
is not likely to be much higher than 2 300 no. Striations 
and flutings are observed in numerous locations in the 


foothills and the mountains. 


East of the mountains are extensive glacial deposits 


eS > cee et er or ee ee en ee se ee ee ee es er 


2 This is probably dated at less than 11 000 years B.P. 
Glavtas eh Boydeiae 1972). 
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including superposed tills of distinctly different origins? 
but it is still unclear whether there was any coalescence of 
thevrtwoelqlaciers. Stalker (1956) suggested the foothills 
erratics train provides the evidence for this coalescence 
but Alley (1972) and many others postulate that the mountain 
glacier receded considerably prior to the advance of the 


Laurentide ice sheer, 


During the last major advance, the maximum extent On 
the Laurentide ice sheet was west of the Porcupine Hills, 
approximately following the 5,000 ft (1-524 Mm) > contour 
(Alley 1972). Seagel (1971) postulated this maximum extent 
to be along the ridge northeast of Priddis Creek. An 
unpublished Alberta Soil Survey map*™= Indicates § thate the 


Stimson Creek-Chain Lakes line approximates this boundary. 


The last major Laurentide ice sheet advanced from the 
north between 25 000 and 14 000 years B.P. As a result of 
the regional slope, it blocked the drainage from the west 
and produced proglacial lakes west of the ice. sheet. 
Retreat of the ice sheet during deglaciation formed similar 
Bakesistoltthe) easty (Harris! 6 Boydell) 1972)% Proglacial lakes 
were located west of the Porcupine Hills (Douglas 1950). 


Extensive lake deposits are also found along the foothills- 





3 The cordilleran and Laurentide tills are generally 
distinguished by lithology of incorporated st ‘Ss (Jeffrey 
Sreai 1950, Ailey 1972), relative amounts of 4 morillonite 


and illite (Tharin 1960, Pawluk & Bayrock 1969), and 
Carbonate content (Pawluk & Bayrock 1969, Twardy et al 1974) 
*—-Unpublished~ data for 1 : 250 000 Map Sheet 82-G & 82g 
outside the Forest Reserve 
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plains margin, notably in the lower Three Point Creek Basin 
northwest of Turner Valley and the general Turner Valley- 
Black Diamond area. They also occur at lower levels, in the 
northern part of that basin. These varying phases of laking 
in the Pleistocene may be related to deltaic deposits as far 
up the major drainage channels as the upper Highwood, near 


Catecreeke(ARlansé Carr 1947). 


During glacial retreat, varying amounts of outwash 
were deposited in major channels and spillways. Subsequent 
downcutting into these deposits5 produced terraces in these 
valleys. Laycock (1957b) recognized seven levels within a 
range of 120 m in the Sheep and Allan & Carr (1947) found 
Six levels in the Highwood. Two of the latter are traceable 


for a considerable distance along the valley. 


Also during Laurentide ice retreat, isolated dead ice 
produced a hummocky moraine topography that LS ty pucals or 
large areas in the plains (Gravenor 1955, Gravenor & Kupsch 
HIo7 eo telker 74965):. AreaS immediately southwest of the 
Bassano Dam and north of Gleichen show the typical knob-and- 
Retrle topography (Fig. 1-2). Eolian deposits -are ‘scarce 
ancmeOoccitim Only sin smalletocalities;in the plains, such as 


east of Vulcan. 


The topography thus developed changes distinctly fron 


the mountains to the plains. Each is characterized by a 


on ee tn ete cree eee ree) oe ee ee. 


S In other cases tills and alluvial deposits 





eo ee 


vs 










a x 


“ts 


Aiebs deeno tebe seat? eet ant as vhiatee atitaoe 8 st 


erage? 47305 


= r 
‘en ,! Di 
u 4 
ds ts it) 
m « 
m4it 
I a ion Br 
£ * 
s ~ 
; 
° 
. 
« 
«= | 
.* * 
ij 
4 t 
Tw , 
(i) 4 ‘3 
5G ‘ > & wi 


agp a i Ses 


Wisk 


‘Pe ieee ~eojaty on: 






by 


ae: 
7 





abe 


2a tory 


te 


78 <0 


~ey ,9 440069 (4 Toate, Batre, = 


~o. eat pcnarouese pa eoop: pear eaa 


Liat, {aT i) a ire 
ae) ee a7 


qivesce age ai re er te ; : 





















ate pre eay thee seer. 30 aod: act - 


pare base ste: pet 
i 


ant? | .®2eed Goda 20 O54 wedrren * 


“3%, e2£0< kant: 





a 
a 7 an 


: igeciee af lia anonovelel® enh at’ 3 


gy 
add seiasral Boras 


a i 
sett) Meerd tay 


Cuicr. Ta25. = 


bn} Leow) “patent 
ead ees - Lar sated: ieee thay 7 
33: si O88 oo Spees 


rit ret ~« we wh fers. rd “302, 


| 8 boow boa ge 
iit ones opal: 
ail ales? Peet 


pAzo" eto hin, mig. 


Pa cAE Ge a 


48 


distinct suite of landforms. However, within-zone 
variations are considerable and the landforms are best 
described with reference to the selected drainage basins. 
Table 3-1 Summarises the basic morphometric Properties of 


the basins. 


The changes in mean ground Slope and Poe relief 
with elevation for the three zones are well illustrated by 
these data. Drainage density of these basins are not 
available but data from air-photo analysis in the Highwood 
River Basin indicate a general reduction in drainage density 
with decrease in elevation.® This is compatible with basic 
morphometric laws. that relief and Slope increases with 
drainage density (Horton 1945, Schumm 1956). The observed 
range of density is 13.7 to 24.2 km/km2 in the mountains and 
UPPeTeRLoothilis, This is considerably higher than a range 
of 8.9 to 14.5 km/km2 found in the West Arrowwood Creek area 
on the plains. The general landform characteristics in the 
area within each selected basin will now be considered 


separately. 


SS > ES iS Ere eae Wee ee le E> GS MED WD WED Ue OD 


6 Drainage density was determined by the following method. 

Four circles of radius 2.5 cm were draw. at the center of 
Sach qutaxter of a 23 x 23 cn transparency sheet. The sheet 
was placed on alternate photographs Of -fselccteay strips 
Drainage lines were then marked in the circles on the sheet 
and the total length measured, Photograph coverages were 
transferred to topographical maps (scale 1:250 000) and the 
areas of the circles were calculated from the map scale. 
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Cataract Creek lies within the western Part sscts tthe 
intermountain zone. The continental divide forms the 
western water divide of the basin where outcrops of 
Palaeozoic limestones and dolomites produce relatively 
resistant colluvial deposits at the bases of these lofty 
east-facing slopes. However, there is an absence of modern 
gkacver fields along the divide. Outcrops of Mesozoic 
sandstones between Wilkinson and Cummings Creek produce only 


small colluvial deposits in the eastern part of the basin. 


Deposition of glacial till is extensive in the basin 
especially in the western section (Fig. 3=2a,), Thiseeis 
reflected in the general decrease in mean ground Slope and 
Peleativepareliefesfrom) casti«to, west (except for the 
continental divide). Many of these deposits are relatively 
thin and intermixed with varying amounts of colluvium. Some 
outwash and alluvial deposits are found along the major 
Channels which are often flanked by narrow benches of 
discontinuous terraces. Many sections of the Creek are cut 
into bedrock and there is a general absence of braided 
Channels except where the Creek cuts across a major 


sandstone ridge east of Wilkinson Creek. 


Siege ee Pekisko & Stimson Creek Basin 
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Pekisko Creek Basin is located immediately east of 
Cataract basin and its upper reaches originate from the 


steep eastern slopes of the Highwood-Livingstone Range, 
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2 540 m high at Mt Burke. Stimson Creek Basin is located to 
the southeast and except for the absence of a steep upper 
reach, it is very similar in practically every aspect to the 


Pekisko Basin. 


The dominant regional geomorphological features are 
the development of parallel sandstone ridges separated by 
shale valleys that are often thickly mantled by various 
types of surficial deposits. These higher sandstone Tidges 
often bear linear elements that evidence glacial erosion. 
Towards the west, U-shaped valleys flanked by?" precipitous 
rocky slopes are characteristic. Extensive glacial, glacio- 
Fluvial and lacustrine deposits are found in the eastern 
pacteofethe basins. @ Thus’gentier Slopes and lower relative 
relief are dominant. These deposits (mainly glacial till) 
mantle many prominent terrace levels in the  Pekisko Creek 
Basin. At least three levels can be recognized, of rate 
the uppermost is distinctive in its hummocky appearance 
(Plate 3-1). Because the deposits are relatively thick, 
bedrock exposure along major channels are limited RS the 


upper reaches. 


3.3.3 Three Point Creek. Basin 


Three Point Creek is located further to the north 
where the foothills zone is considerably broader. The Creek 
originates from the steep eastern slopes of the Front Range, 


the highest point of which is Three Point Mountain at 
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2059 5t ms Trew Uppereepattmeof the hasin is welluwithin the 
Forest Reserve and is typified by high celief and steep 
slopes, Possibly because of the nature of this topography, 
distribution of glacial deposits is much more retricted than 
elsewhere in the foothills zone. Relatively large tracts of 
outwash and alluvial deposits are found where Volcanic Creek 
joins the main Creek, at upper Death Creek valley, and along 
the main Creek where the Ranger Station is located (Fig. 3- 


2G )eo-s 


Tome cliceelOvereepart of the “basin, the valley is 
considerably wider and flights of terraces are better 
developed. They are found on till deposits which have 
undergone a variable amount of fluvial reworking (Peters §& 
Bowser 1960). At least two major levels can be recognized 
around the Charmes Section (Plate 3-2). Bedrock exposures 
along the main Creek are uncommon in this part of the basin 
and some evidence of braiding in the channel is found below 


the confluence of Ware Creek and the main Creek. 


ah Sa West Arrowwood Creek Basin 


Se CES SOP GS SD ED ED SS SR SS Gee SoS ER OD oes Ee ED oS Oe ES 3 ED Ge ED 


PLOUBTheesinmitsoleas conical hill, that) rises) to about 
1 1320 m west of the Fast Arrowwood to the bottom of the West 
Arrowwood Creek valley, is found an area of relatively high 
Relseteandi steep slope :,ayrelief sof about .170 m «andiea 
ground slope of 30 to 45 percent. However, except perhaps 


for the northwest section, relief is low and slopes are 
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elsewhere very gentle. The presence of a steeper lower 
Section is distinctive of West Arrowwood Creek Basin among 
prairie watersheds. Also distinctive of the basin is that 
tteineludes comparatively small areas of knob-and-kettle 
topography. Practically the entire basin is mantled by 
glacial and glacial~-fluvial deposits which have undergone a 
variable amount of reworking by water action. The main 
Channel is entrenched into this plain surface north of 


Herronton but mainly surficial deposits are exposed. 


3.4 Soils 


JOLVeeeore the =stidy areasare largely developed fron 
glacial Giacsal=fiavi sw and glacio-lacustrine deposits, 
although residual soils are also represented. In the’plains 
and most of the foothills, soil information is available 
from Alberta Soil Survey Reports (Wyatt & Newton 1925, 
Peters & Bowser 1960). Tne tac ncountains Sand tipper 
foothills, Laycock (1957b) mapped the soils within the 
Forest Reserve according to a physiographic classification. 
Other informations are available only for relatively smail 


areas. ? 


In the prairies, Chernozemic soils developed largely 
PE One Taurertide™*till are ‘present < They range from dark 
brown in the southeast to black soil in the west. Profile 


fy Crossley) 91951, Jeffrey 
1971, Kakanis 1972, Mee 197 
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development and range of texture is related to variations in 
CV Demo fare rent material which has undergone varying degrees 
of reworking by water and wind. Almost the entire West 
Arrowwood Creek Basin is within the dark brown soil zone. 
According to parent material, four major types of soil can 
DemmLe count 7edmu(hig. 3-20) . They include resorted glacial, 
resorted residual, alluvial, and eolian and alluvial types 
(Peters@ &) bowser 19 60)7. Soils are generally loamy, with 


varying amounts of stones PLEsSent. 


In the foothills, the pattern is complex. The lower 
foothills zone still has zonal soils ranging from dark brown 
to thin black to black but increasing areas of dark grey to 
grey-wooded soils are found further = west. Bruni solice sand 
Regosolic soils are also developed. This greater conplexity 
can be related to influences of topography and aspect (Mee 


1972). Profile development is very variable. 


In the lower Three Point Creek basin, mainly black 
soils are represented (Fig. 3-2c). According to parent 
material, four soil types are found : light clay residual 
Soil developed from shale; clay loam to heavy loam from 
Cateareduce(eiettillss Laghitpaclay «from glacio-lacustrine 
deposits; and loam from alluvium (Peters & Bowser 1960). 
But unpublished data from Alberta Soi. Survey shows the 
dominance of black Chernozem in the south and the southeast 
(Fig.-3=25). Thin black soil is found only along the main 


ridge running along the eastern boundary of Stimson Creek 
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Basin. Grey-wooded soils occur towards the higher levels. 


With relatively higher precipitation excess, 
podzolization is the major Soil-forming process in the 
mountain areas. Soils in these areas show a dominance of 
poazoue! Luvisols, and Brunisols. On Alpine meadows, 
mountain chernozems may be found. Jeffrey et al- (1968) 
studied the watersheds of the Upper Oldman River which is 
immediately south of Cataract Creek Basin. They cited a 
topo-sequence: Regosol, Futric Brunisol, Luvisol, Brunisolic 
Luvisol, and Bisequa Grey-wooded on calcareous parent 
material; and another sequence : Regosol, Dystric Brunisol, 
Podzol, and Gleyed Podzol on non-calcareous parent material. 
The same probably applies to Cataract Creek proper. Profile 


development, however, is Henertallyerestricted, 


B25 Vegetation & Land Use 


oo => SS Se > Ge we we wes os ED es ED Te oe = es 


The natural vegetation of the area is dominated by 
Plairie grassiand in the east and woodland in the foothills 
and mountains. The ‘parkland forms a grassland=-woodland 
ecotone between these two areas. Actual distra bution sor 
parkland vegetation is confined to the area south of Calgary 
and west of High River, immediately east of the foothills 


(Rowe 1972). 


The climax vegetation in the prairies is thought to 


be rough fescue (Festuca SsCabrella), spear grass and grama 


SD CE FSS SD GES SS Oe ED GO GED HES EGS = we RED Ue ee 


grass (Stipa-Bouteloua) (Moss 1955). The western boundary 
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of this zone is indistinct and is marked by a fringe of 


uloides) groveland. 


Foothills vegetation is dominated by mixed deciduouse- 


coniferous woodland : aspen (Populus _tremuloides), and 


| 


oi bus_contorta var. Latifolia) (Rowe 1972). 
Aspen=poplar and some rough fescue are found in the outer 
foothills and lodgepole pine is the dominant Species in the 


inner foothills (Moss 1955). 


In the mountains, the spruce-fir association (Picea 
EngelmannimAbies_lasiocarpa) and lodgepole pine are dominant 
(Boag & Evans 1967, Rowe 1972). The timber line stands at 


avout. 224 COEms: 


Most of the grassland in the plains and part of the 
lower foothills has been brought under cultivation either 
presently or at one time. Wheat, barley, oats, rapeseed ad 
flax are the main crops in the prairies whilst hay crops and 
other forage crops are common in the lower foothills. A 
considerable area of the foothills has been and is used for 


grazing purposes. Past and present clearings are evident. 


Over 90 percent of West Arrowwood Creek basin is 
presently under cultivation (Table 3-2), a factor that may 
have some effect on sediment yields in the area. This will 
be discussed later. Outside the Forest Reserve, Three Point 
Creek basin has 25 percent of its area under cultivation, 19 


percent under grass, and 59 percent wooded. On the other 
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hand, Pekisko and Stimson together has 10 percent under 
cultivation, 60 percent under grass, and 30 percent wooded. 8 
Inside the reserve, except for some alpine meadows and 
barren areas with thin soils above the timber line, most of 


the watersheds are well protected by dominantly coniferous 


trees,9 


The mountain areas are totally within the Reserve. 
Other than isolated areas where logging or forest fires had 
taken place, a good forest cover has been maintained. This 


is true of the Cataract Creek basin in general. 


However, Hanson (1951) reported that within the 
Forest Reserve from the 49th parallel to the Bow, about 
25 000 cattle and-2 500 sheep were grazed during the summer 
months. It appears that this practice is continuing in the 


Reserve,19 


2 Ge ems Dae aD 


Climate of the area is of a subhumid continental type 
in the foothills and plains with warm summers and cold 
winters. The mountain areas show very marked variation in 
climate with altitude. 


ee mc, 


& Data estimated from A.R.D.A. Land Use Maps. 

pecOmpOsi te Forest Series, Dept, of Lands & Forest, Alberta 
+0 Eastern Rockies Forest Conservation Board, Annual Report, 
UU ESE: 
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3.6.1 Temperature 


In general summer mean temperatures decrease fron the 
plains to the mountains but in winter mean temperature 
decreases in the opposite direction. Mean monthly 
temperatures of selected stations in the area are presented 
Pn ePioa,2-3handatable 3=3se Theirs locations? are--shown. -in 
F260. Saad. Since most established mountain stations in the 
area (e.g. Lake Louise) are in valley locations, they are 
not representative of extensive mountain slopes in the area. 
Adjusted data of Kananaskis LO is thus included to 
demonstrate the difference in temperature due to variations 


in topographic position. 


The number of freeze-thaw cycles experienced in the 
area is in the range of 60 te 80 per year. It generally 
increases from north to south. At Lethbridge, an average of 
ietetsceze—rhavgecyclestaperiSycar with peak frequencies in 


April and November was noted (Fraser 1959). 


Soil temperature usually lags behind air temperature 
so that although mean temperatures are above 0° C in April 
at all stations, soil temperatutes even in day-time could 


still be below freezing point.11 


ee Se coma ee are ee eee are ce 


11 This would in fact form an impervious sublayer during 
snowmelt and likely increase the proportion of runoff than 
otherwise if the sublayer is not present. 
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3.6.2 Precipitation 


Mean annual precipitation increases from about 375 ma 
in the plains to well over 700 mm in the mountains (Laycock 
1957a, Longley 1972). However, variations in the mountain 
aveas jare vmuch*eclargere because “of orographic and aspect 
effects. The pattern of mean summer rainfall is essentially 
the same. Precipitation amounts for selected stations in 


the area are presented in Fig. 3-4. 


There is generally a rapid rise in PEeECipitatzon an 
the area during the spring to a maximum in dune and then a 
sudden drop in July. But the proportion of PLEECipitation in 
snow tends to increase towards the mountains. Also the snow 
season tends to be longer in the west. Thus, on the 
average, the snowmelt period of the prairies comes in late 
March or early April but in the mountains it can come as 
date as@hate June (Longley °4972),: The average time for 
Snowmelt in the foothills lies somewhere between these two 


extremes. 


Beingpfrontal insinature, spring andy early’ summer 
storms in the area are usually extensive in nature. But in 
mid-summer, storms tend to be related to local convectional 
currents and therefore are usually localized. Precipitation 
rate (mainly rainfall) associated with these storms tend to 


be higher. 
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For shorter durations, rainfall intensity data are 
available for only a few localities in the area.12 For the 
stations of Galgarva A, Vauxhall, and Lethbridge a, 
intensity-frequency curves were constructed (Big 6 3-5) Ri 
Dies stationgsot @fdmontonra eds .ancluded for comparative 
purposes. For 15 and 30-min rainfall for a return period of 
2 years, 1.55 invhr and 0.97 in/hr (39 mm/hr and 25 mm/hr) 
are registered atimcCaloarys A. Thesemancemtho uw haghest 
intensities compared to the other two south Alberta 
stations. For the same duration but for a return period of 
25 years, Lethbridge has the highest intensity (424 An/hr 
Aimee. Del it, Or tO04emn/hr and 6 u mm/hr). Vauxhall, lying 
SOmtchcwecast Of the first two stations, shows the lowest 


firtenscitysineall cases, 


Data for the experimental watersheds : Marmot Creek 


and Streeter Creek (Fig. 1-1) LECoOrd® (Onl Vemstorisemocasan 





12 Bruce (1968) produced maps showing variations in short- 
duration rainfall intensity but these are only based on a 
PeWwe Stetionsey ings thes wholesay area, generally following the 
maximum one-day rainfall pattern. 

13 Analysis data available from Mr ¥V. Nespliak, Atmospheric 
Environment Service, Canada Dept. of Fnvironment, Edmonton 
OD 53 Ce. 
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intensity greater than 0.5 inches (12.7 mm) in 24 hours1¢ 
and therefore an intensity-duration analysis cannot be 
performed. Rather the percentage of records exceeding 
threshold values of a given duration were computed for the 
three stations where data are available.15 A similar 
computation was performed for the other stations : 
Calgary A, Lethbridge A, and Vauxhall, but in these latter 
cases all available data on maximum intensity!® in a given 
month is used without any attempt to single out storms of 
Geet terethane dec unches (42. / 9mm) per 24 hours. Therefore 
the computed percentages tend to be lower than the first 
group of stations. Also some data are available from the 
Stations at Kananaskis and Highwood Pass collected by the 
Alberta Forestry Service. These computed statistics are 


presented in Table 3-4, 


Despite the limited records available and the crude 
methodi= of “ecomparison, the data clearly show. that -the 
foothills locations tend to get the highest intensities. 
Intensities are apparently lower in the prairies and much 
lower in the mountain areas. This-.finding~is pbasically 
consistent with the storm atone: pattern (McKay 1964) and 


‘the 24-hr intensity pattern (Bruce 1968), Also such a 
~via sh ona ane Oe ee 


14 Data published in Compilation of Hydrometeorological 


O Sew Gere thas Mi SS SUD UD GISEND CSP OCD SHS UD cry SE GAD EF TD SD ME SO OS CE GES EAS CAD ED Rou =e 


Record, Marmot Creek Basin, V Olea to Vol 5 and 


is Ap Ure wm ces ED =e ED Ss 2 SP eS oe 


Compilation _of Hydrometeorological Record, Streeter Basin 
Vol. 1 to Vol. 9. They are made available by D.L. Golding, 
Research Scientist, Northern Forest Research Centre, 
Canadian Forestry Service, Edmonton 

PIShaEWot Wuesw CON MSs hCONn Ssstudeterecreek (Site 7 

16 Data published in Monthly Record, Meteorological 


Observations atin )iGanada, Atmospheric Environment Service, 
Canada Dept. of Environment, Toronto, 1961-1973 
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pattern is consistent with the type of rainfall observed in 


these areas. 


Rainfall in the area is either related to 
northeasterlies associated with the incidence of cold lows 
att tne andysJune’h{Reinelt ©1970), or a result of local 
convectional activity. This latter pattern produces 
isolated storms of relatively high intensity and short 


duration, mainly in July and August (Longley 1972). 


Whilst summer convectional activities tend to be 
localized and therefore in the long run may not show any 
prominent regional variation, ‘deep upslopet rainfall is 
strongly influenced by orographic effects and could produce 
relatively high-intensity rainfall showing distinctive 
Spatial patterns. Reinelt (1970) estimated the orographic 
effect on total precipitation to be about 40 percent over a 
Similar area without topographic influence. Since this type 
of rainfall makes up about 45 percent of the total of 
Southwest Alberta, it would be reasonable to assume that 
rainfall intensity is highest on the upper foothills below 
the Front Range. Topographic effect tends to lessen towards 
the east and therefore rainfall generally decreases in this 
direction. In the intermountain area beyond the Front 
Range, orographic effects are absent, and although total 
precipitation may be high as a result of spillover snow from 
the west (Laycock 1957b), rainfall intensities in these 


areas are generally low. 
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3.7 Hydrology 


Actual evapotranspiration data in the area are very 
Wintel. Using the Thornthwaite approach, Laycocks §(1957a) 
studied the variations in potential evapotranspiration 
within the Forest Reserve, Average annual potential 
evapotranspiration decreases from theveplains |stol the 
mountains, mainly because of temperature differences. Water 
balance diagrams showing seasonal variations in potential 
and actual evapotranspiration, surplus and deficit patterns 


are shown in Table 3=5 and Fig. 3-6.17 


The general trend is for surplus to increase fron the 
plains and lower foothills to the mountains. However, the 
intermountain areas show a lower surplus. Deficit is high | 
in the plains butjeisiadow Sins)the upper foothills, 


Intermountain areas show high deficits, 


PieeetaAmi no Botee the edeficitey pattern also shows 
considerable variation. The plains areas tend to have a 
dongergdeficite period; mainly» -from early Judy Btoselate 
October. In the foothills and mountains, the deficit period 
is shorter, probably much shorter than the data suggest 
because the snowmelt event is likely to be much longer than 
assumed by the Thornthwaite procedure. 


if Conpited according to the Thornthwaite procedure 
(Thornthwaite & Mather 1957). 
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Be]. 2 Water Yield 


Laycock (1957a) indicates a general increase in yield 
(surplus) from the plains westwards. Actual surface water 
data reported by Water Survey of Canadal8® and analysed by 


McPherson (1975) were plotted against elevation in yeaa sot 


This figure demonstrates the effect of regional 
topography on precipitation and water yield. Presumably the 
effect of vegetation cover is also included. It should also 
be noted in this relation that extensive areas in the plains 
and parts of lower foothills do not contribute to streanflow 
in a normal year because of the presence of areas of 
binternal'’) @drainage. invectual fact, the drainage area of 
these basins varies from year to year, depending on the size 


of the runoff event (Stichling §& Blackwell ETA bss 


Flow regimes show again a marked variation. The 
major hydrologic event in the prairies and lower foothills 
is the April snowmelt. In normal years this will be the 
peak discharge period (Fig. 3-8). Only very heavy and 
extensive rainfall in late summer will give a secondary peak 


later in the wet season. 


In the mountains and upper foothills, spring thaw 
occurs in May or June. This may coincide with late spring- 
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early summer rain to produce a prominent flow peak Se(Figa 3= 
She tole ¥3=8ic): For major rivers that flow across these 
regions, such as the Bow, peaking as a response to different 
snowmelt periods of the plains and mountains would be 


expected (Fig. 3-8). 


Soe fae Sediment Yield. 


? Date Etec b> GD GH ES ES OS ES ee a 


The regional pattern of sediment yield was reported 
Byes ticking =§(1973) .s0rronm large * basin data, the average 
yae Vdiedtst7).. 5 *o' R87. 5 m-tons/km?/yr. Hollingshead, Yaremko, 
& Neill (1973) cited sediment yield data for basins ranging 
inisize from 4163 sto \116 500 “kn2at'd cyield Tangescre Hieto au 
m-tons/km?/yr was reported. There seems to exist an inverse 
relationship between size of basin and suspended sediment 


yield except for the smaller basins (Fig. B= )e. 


McPherson (1975) studied 36 basins ranging in area 
PeOme eto) toe) $279 kn2 land) "produced alwery large scatter 
(Fig. 3-9). Possibly a large proportion of this variation 
can be explained by landuse differences. According to Chow 
(196¢))(Slanduse ieffiectstare “only \ "significant !’ fors smal 
basins less than 100 mi2 (259 km2) but these data suggest 


that much larger basins are affected. 


The basins were subdivided into three main elevation 
classes generally corresponding to the mountain, foothills 
and plains subdivisions (Fig. 3-10). There is a tendency 


for yield to increase with elevation but the mountain basins 
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show very large variations.19 This is possibly related to 
the varying proportions of unconsolidated Pleistocene and 
Recent, doposits:1= Specific (sediment) -yield* ‘datas sof «the 


selected basins will be discussed in Chapter 8. 


SSL ES NS CD CED LD ND SED BES ID OES ED ED SD ES SS Ore E> OTS OS SD OD ES ED aD OD OS OS OS Oe Sa ae ee 


These units were first cultivated in the 1910's but 
the intensity of landuse varies considerably from one unit 
to another. Wheat, barley, oats, flax, rapeseed, and hay 
are the main crops and are cultivated with alternating 
fallow. Sizeable herds of cattle are Ustaliye kept Sto 
ear eicnent Theepéfarmer*s Sincomey.and “it “appearsothat the 
number of cattle kept both past and present is related to 


general vegetation cover conditions in the coulees. 


Much of the literature points to soil drifting in the 
prairies in the 1930's (Ellis 1954). A&A general wind erosion 
hazard was also emphasized. For the units studied it seems 
that only one small area in Merkel's section was affected. 
At this time, it should be stressed that other hazards need 


be given at least equal consideration. 


Snow drifting alone, or accompanied by chinook winds, 
is not uncommon in winter. Farmers have reported that heavy 


ee ne ae ca re er eee eee oa as Sor 


17>) ON LyRidatasetornprainie basinseinithercypress Hills area 
are available. They are probably not representative of 
cultivated watersheds in the prairies. 


ee £ 





















doy chad? .* wahieeeew @uges) eee . 
hie mts; oP2. hedee2 Ging MeV hal Bae AAD EMO aH prlewens ns 


dah og ~— &> #F Nias vy" Reese [or ceg?: /, tthewgee see 
f.u.gddn det 2 Pecatioa bh Chie easeee tatresier — 


j - 
\izwio 80> Socaee pe eae oie oh ee ees eee a 
no Lices = jnasees t .8.€ ie 


- , 
<< ~ a j 
” 





. — iw acice ewes 5 io 
2) : in 
; £ eVihge: 33 ywitisaege?- em. 
2 (yee feeds. seedsone or 
: ae , as ; 4 he ‘f 
y S & - aad oe . : z =» @ a atg ~ oTs_ : - 
+! ghar fr- wecsed?, Satie ; 
~s9)- 2) eeeet- 342 -“Seeeeaaees ) 
; F » toog satel féet ation Ip, Rete 
: -_ 
ine 7evh> soisesopoe (IRR R ie 


hy } pieefteet.atst- 79 aaee 
| (beet eR dich kd oat ml oat zkemgs 
; bw. (jo: S29 5304 1 bay tie edgen coe 1 bosred | 


i “st bi se Say yico a. a 
+ a 


obi) Poonh tis 2 iF 


yan Gas. 


4% 


66 


drifting led to freeze-drying of the exposed soit” "whichwsis 
then extremely susceptible to erosion ducing snow-melt 
period. Deep rills, developed under such conditions, have 
been reported. In mid summer, localized convectional storms 
OtpesShoOreqgi durations sbut. of relatively high intensity most 
ERequentlyofoccursieiny July. Another erosion hazard is 
gullying, the initiation of which may be related to cattle 


trampling. Many examples can be cited in the study units. 


SoD SS awarsc OD eS 


This section is located in the southern part of the 
basin wrens topography 1s gentle. There is only one small 
coules along the eastern fringe of the unit, the ‘relief of 
which is only about 10m. The regional slope is about 2 
percent to the north. Parent material is re-sorted ground 
HOpaines ing Whichaecalcarcouss sandstone. of. .the Paskapoo 
Formation (Palaeocene Age) is incorporated. The unit was 
farmed since 1910 and in the past about 20 cattle were kept 
in the coulee though this: practice was halted in 1969. At 
the time of survey, over 90 percent of the whole area was 


cultivated (Bigs Jedi). 


This section lies on the- upper. slope of the 


relatively steep northeast part of the basin. Two major 


y ty a / 
+2 ; Lain 7 





















- 
Saas OF 


@ 





i. del Liod Asatte eA 30 ponnisihedeedet, oo Hmm > 
gice+xve a EY. eodeare. 2? iti sgonrae pears © oa 
pug 7sSe).s¢alouet ..atiie geet = of: 
fese0! , spree) Gis Ws ie 
as | (pit Wieetsofes So “ket, Aoatapes Fram ‘a0! 
wohl sen gvipt ne. “Sec oe xianevpei 
‘pn ashy teuatogeegrel 49 -eaerbay AY, 


7 £ 
Oh {ary 7 . 


+ 





i i) e- on = € 6.8 


itp Oded ay 
; ; a, s fi 
[ aide J 


ic iot. siaee. signe a 
iz2% wpoPes Soe wets seivon 
‘woe glee’ aS ‘esky % 
Sit Li D> 2e bbw ri .% i aon 1 By wt? i neoteq 
woed~e Bie tod le. wg autevoa 


| Dein. io 
vey : iT; = f:. (aA BNA aeIsE ball? io bas era 


- 
Ne 
a : . eT cx Utd Mb Eeaceret Boge 
fh « iA) F -- oe ee aerepaiso4ars baie en A) “we a, ap ‘wait add. 


Hie data sladv 94%. 26 seca vik go 4ero «es ue 
| . 


5: ms pene 


67 


coulees run south=north, one on each of the Sast andes vesr 
half-sections. The maximum relief of these coulees can be 
up to 30 m. The regional slope is about 6 Percents = to. “the 
north. Parent material is mainly a thin layer of re-sorted 
DeaGialeull ee bedrock ds¥very  §close®=to "the surface and 
outcrops of sandstone occur in the coulees, Past and 
present cattle activities have produced generally fair” to 
poor coulee conditions. Slumping, gullying, and development 
of barren slopes almost to a badland type ol condition was 
Oocerveds (Plate ss-=2,) Fig. 3-12), and INCI pIenteeguli ying is 
taking place (Plate 3-4). About 65 percent of the unit is 
ploughed and in 1973 some 75 cattle were grazed in the unit. 


In the coulees, slopes are generally steep to moderate. 


SS ee wes > EP Ss Uw ED ames eS 


This unit is about 5 km southwest of the CPahonsl 
section and is at mid-section of the regional Slope which 
runs roughly east-west at an angle of 4.5 percent. The 
heads of two coulees, one in the north and oe in the 
southeast, are found. A third coulee runs westwards fron 
the central part of the section. Although the regional 
slope is steeper, coulee entrenchment is less spectacular 
than in the Campbell section and therefore relief is lower, 
about 15 to 20 m at the most. Parent material is re-sorted 
ground moraine with a thickness of about 3 m. Sandstone 
outcrops only in the coulee bottom in the southeast. SOs 


drifting in the 1930's removed the top soil and deposited 
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sand in the northeast part of the section (Fag. eco, eer late 
pao )imebarteofethis deposit is still exposed. At site #3 20 
12 cm of ecolian deposit is found. A big gully head was 
observed at the head of the westward draining coulee where 
Sample #6 is located. Down this coulee towards the western 
edge of the section is a small area of barren slopes. At 
TieeetinemsOrmctrvey, 9 the ‘gully head is Aids Gia tly 
protected. Other than this, the coulees are in generally 


batemecondit ton. 


Exposed cuttings close to a small dan along the 
northern edge of the section have been badly eroded by 
rilling and significant amounts of soil have been deposited 
in the nO nee (Plate 3-6) whence they eventually find their 
Way to the West Arrowwood Creek. Mr Norm Merkel, owner of 
the eastern half section, recalled that many such small 
earth dams had been built in the area but they were always 
rapidly eroded and became useless. A large amount of gravel 
had to be found to protect these slopes because colonization 


by» vegetation is far too slow to arrest erosion. 


In total, about 80 percent of the area is under 
GultivarLon gandsy 80s to 4,440 sheadi),of  cattle..are.. grazed 


annually, 


Steiner Section 


Se stereo 


20 These refer to sampling sites. Sampling procedure is 
described in Section 4.5. 
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This section is in the east-central part of the basin 
where slopes are gentle. However, entrenchment of a major 
northeast-southwest Soca ng coulee is Sei see eeve 
pronounced giving a relief of about 20 n. Parent material 
again is re-sorted glacial till overlying grey sandstones of 
the Paskapoo Formation which outcrop at the bottom of the 
main coulee. Coulee condition is Sele talt yee tal: eto m= DOOG 
with shallow slumps and receding cut banks evidenced. In at 
least one case slumping is related to a frequented cattle 
trail (Plate 2-7). Upstream development of cutbanks, 
according to recollections of Mr Steer, =takes= place ate the 
rate of at least 100 m in the upstream direction over the 
last 50 years. Comparison of the PLCSeNtP positron? of =the 
cutbank with its former position on the enlarged air-photo 
(Fig. 3-14), suggests the removal of an estimated 250 m3 in 
the last 11 years. There is no doubt that such a process is 
active at the present time (Plate 2-8). Other cutbanks are 
observed further down the coulee (e.g. at site Ol etait ine 


Part of a slough is found in the northeast part of the unit. 


ADOUL= =] ==percentssor = 'the™=area = eis presently under 


cultivation and about 35 head of cattle are grazed annually. 


This is°in the northwest part’ of the hasin, about 
3 km from the rather ill-defined water-divide. Regional 


Slope is about 4 percent to the southeast and relief is 
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about 20 m in the coulee located in the northeast part of 
the unit. A small dam has been constructed Recent) yaesLor 
Wee mweestonage: gin 7ithe.) .coulee, Parent material is a thin 


layer of re-sorted glacial till. 


Probably as a result of local slope steepening, and 
the shape of slope plan, spring runoff tends to concentrate 
and produce a considerable amount s,of s.erosion at the 
northeast corner of the southeast quarter-section (Plate 3- 
9 , Fig. 3-15). This was observed for two consecutive years 
when the field was under fallow.21 Otherwise the area is 
generally in fair condition. No cattle have grazed the unit 
since 1968. Except for the northeast corner, the whole unit 
is under anileeeeien at the time of survey. A small area of 
unconsolidated, fill related to construction was mapped as a 


B2 unit22 immediately east of the dan. 
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Phew stOocyOLsshunal Occupation, Of =the ifootha lis 
areas is generally similar to that in the prairies, except 
that many forested areas were cleared. Because of the 
Gelatuvely eshort shistonyesof siclearing,, 6.9. in «the Spruce 
Ranching section, traces of a former Brown-Wooded profile, 
21 It Ls ae ©O note -that- the farmers recognized 
only a very small erosion problem on their land when they 


were interviewed. 
22 The mapping procedures are described in Section 4.4 
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on which is superimposed a Chernozemic Ah under the present 
grassland vegetation, are evident. More recent clearings 
"Gnethe last 5 to 10 years) left a former forested Fe-H layer 


Stilientacte(e.g.sinepant of McMurtry section). 


Also the generally thin soil horizons in Part Ofethis 
area probably reflects former periods of intensive grazing. 
23 Today, grazing is still the dominant PYRG BOLevactivaty, 


but again there is marked variation in the INtSRSity Ofeuse. 


Visible erosion features in the area, however, are 
very limited in extent. Major slumping probably took place 
in historic times but minor slumps occur on river banks 
where downcutting produces steep barren slopes. Some minor 


gullying takes place where cattle concentrate. 


Se ei oo ere aS 


This section is located at the eastern waterdivide of 
the Pekisko Creek Basin. The eastern part drains into the 


Upper Mosquito Creek Basin. 


The main feature of this section is a north-south 
sandstone ridge that forms the eastern waterdivide of the 
Stimson Creek Basin. A moderately steep slope joins the 
narrow ridge top to a terrace level of the Stimson Creek in 


the west. To the east, the slope is relatively gentle and a 
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23 Peak periods dated back to the 1910's. 
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uniform slope grades into a knob-and-kettle topography. 


Parent material is mainly glacial till and outwash. 
But near the ridge top and on the Steeper west facing slope, 
parent material is sandstone bedrock of the Paskapoo 
Formation (Palaeocene Age). Soils developed are mainly 
Chernozemic, ranging from Thin Black to Black. at a few 
Sree sg( 7 t00," "tos pe ak igs 3-16), degraded profiles were 
observed. On the gentler east facing slope is found a 
prominent quartzose conglomeratic erratic S020 ssoutcn sor 
Site #69) and a linear feature that Capers from the south to 
the north resembling what Stalker (1972), d2scri bed as a 
Nurdin. The knob-and-kettle topography is characteristic of 


dead-ice moraine features usually found much further to the 


east. 


The ranchland conditions are generally fair to good. 
Oniy one minor slumping scar is located in mid-section of 
the west-facing slope. Many north facing slopes are mantled 
by aspen (and some willow) and sparsely covered slopes are 
confined to the upper reaches of the westward flowing creek. 
The amount of sedimentation in the Sloughs, however, is 
considerable, Ranchers report a great reduction in the 
depth of the largest slough in recent years. 24 
Pesnieyicait betidee of sedimentation, "formerly a horse can 


be sunk in the slough totally unnoticed but now even a calf 
can walk across." 
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Cartwright Section 


This section is located in upper Stimson Creek basin, 
immediately outside the Forest Reserve. A small creek 
draining a lake-marsh area enters the section from the 
NOrthwestesand cuts the section diagonally in two. A second 
creek, Miller Creek, drains the southwest PaAGteok the sunset. 
A prominent ridge runs along the east and northeast. The 


totalprelieftat the area is about 170 n. 


There is considerable diversity in the type of parent 
material and subsequently the degree of soil profile 
development. Residual soils developed from sandstone of the 
Belly River Formation and conglomerate of the Cardiun 
formation (Cuetaceous BPAge)@earesefound) eins theareast- land 
hoetheast!)spart; of) ithe section. Sandstone outcrops are 
located along the main ridge and along cutbanks of ‘Miller 
Creek close to sample site #32. Glacial till of varying 
thickness, underlain by shale and silty shale of the Upper 
BEbertAneeFOrmatlon, §Mantle “the rest of the section. The 
linear structure southwest of the main creek may be related 
to a small dead ice block left behind after ice retreat. 
(NOCGe Pits ~location ian the valley). Soils range from 
Regosolic to Thin Black for steep to moderate and gentle 
Slopes. Some Brown=Wooded soils are also present. tat 


horizons are usually very thin. In the northeast half of 
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the section, shale bedrock is incorporated in the till 


deposits. 


At least two terrace levels can be identified in the 
valley. Their elevations are below a prominent slough in 
the southeast at the lower Slopes of the main sandstone 
ridge. It appears that these are developed on reworked 
till. Most of the terrace soils are Brown-Wooded except for 
Sites #15 and #22 which seem to qualify as Black Chernozen., 
Tiespresenyetlood plain is very Swampy and the creek flows 


as a meandering trickle. 


The major erosional feature is a large slumping scar 
above the upper terrace level in the north-east Qgskepy “Shar eAy 
Judging from the absence of deposits at the scar base, 
Slumping must have taken place some time a UO sea lias aS 
Mapped as an A3 unit. Another area of sparse cover is along 
the left bank of Miller Creek where the valley cut through 


fHanett e beonsbedroc ic. 
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This is at Upper Stimson Creek, about 10 km above the 
Chain Lakes. The major geomorphological feature is a broad 
north-south ridge capped by sandstone of the Belly River 
Formation. The ridge top is about 300 m above Stimson Creek 
which drains the southeast part of the unit. The ridge is 
flanked by a narrow valley in the west and broader till 


plains oO °Co.Cthe )-east. It is possible that the main ridge 
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marks the western-most boundary of the Laurentide ice sheet. 
Also there is no good evidence of mountain glaciation. The 
valley west of the ridge has a sharp V-shaped form (Plate 3- 
iO}W Bandeea, largeicuttingpon alterrace level:cast of site.#5 
(Fig. 3-18, Plate 3-11), shows a sand and gravel deposit 
PEOUdD yO Pe luvialemon? gin. NOSte Ot wetness SOM Sa inethe 
western part of the area are residual soils developed from 
Sandstone and some shale bedrock. They range from Regosolic 


to Brunisolic. 


Fair to poorly covered areas are confined to terraces 


and steep slopes of the main Stimson valley. 


Se SS re HS ae OS oe SU eee Ee ED we we =e oy oe BoD 


This lies in the central part of the Stimson Basin 
where Shepperdsecreckje al magor, tributory of the Stimson 
Creek, flows west-east to join it about 5 km downstream of 
this section. The creek now has a very small meandering 
Channel across a swampy floodplain. The major relief of the 
area is a narrow ridge in the west developed on Belly River 
sandstone. Rock outcrops at the ridge tops. East of this 


ridge is found an extensive till-outwash-lacustrine plain. 


See Uivuowinthewtitee- Point Creek. Basin 
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There is a sharp difference in landuse between the 


units outside and inside the Forest Reserve in the Three 
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Point Creek Basin. Grazing, raising of hay crops, and to 
some extent use to development of weekend villase2s and 
oil/gas wells are commonplace outside the Reserve. Within 
the Reserve, use is confined to small scale grazing and 


various forms of recreational landuse like Campgrounds. 


There is a general absence of prominent erosional 
features except for steep barren cutbanks along the main 


Creek. 





This section is located in the lower basin, about 
7Gkm West oOfOSNillarvilile. The main Creek drains the 
southeastern corner of the section and is flanked to the 
north by low sandstone ridges which descend into the Creek 
aS a sseties of terraces. Tributary to-the main Creek is a 


coulee from the northwest and two smaller ones to the east. 


Parent material ranges from sandstone and shale 
Dedwock toe %glacial@@tili; outwashy hand “alluvial deposits. 
However the dominant soil type is Degraded Black cChernozem. 
Thin Black is developed on steeper slopes and Black 
Chternozem*oOnm-terrace levels. At sites #21 and #27, gleyed 
‘B*' horizons were observed. These poor drainage sites may 


be related to shale bedrock. 
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The major erosion problem in the area is related to 
cattle trampling. In the northeast quarter-section, 
trampling on a moderate slope (9.5°) has produced a totally 
barren area of approximately 600 m2. Fair cover conditions 
one found along the central ridge. This is mapped as an AB2 
UUUte(taoses-20)<heSinalarly~disturbed areas in the west 
along the main coulee is mapped as A2 areas. In the south 


two hay fields are mapped as B2 units. 


acurtry Section 


This section is in the southeast corner of the Basin. 
The basin-divide runs along the ridge top in the northeast, 
and mNa seeridge sdescends®jintor a «broad: .valleyerine ithe 


southwest. The total relief of the area is about 120 n. 


Bedrock is mainly Upper Alberta Shale in the valley 
and Belly River sandstone on the ridge top. lLacustrine 
deposits cover the main valley bottom. The soils developed 
varies from a Black Chernozem (gleyed near valley botton) to 
Brown Wooded in the north and northeast. Very typical Ba 
horizons were observed along the dead-end road in the north. 
Soils under a hay crop at Site #13 (Fig. 3-21) show gleyed 


TAtenOrT 2 Ons. 


ENepbecentepycars, ~ the northern part of the area is 
being cleared for various purposes. Both sheep and cattle 


are reared. 


e? 
’ 
eis 
i} 
’ 


















; « ata of a moka’: 3otaR its 
& 4 0 mire» - 
us @phe-aon. 363 at lomtiqnens ; ' 

7 _—. : ak SD | i¢ T's A to SeBos Pp i .) Pk. 
" 4 7 i utes » 
ian ODA Gee Breas i ia sO7e ese. 


- 


io. ,@yhry evaes-ott goase hewod 218 


i 


a1 re 





is Dh vegegetd viceswele. 0c 923) gtav 
~y A. -<- cqtd ze (8 éfaan G rar TPs enots 
-; ce Doqgtem Se SORNEy yad out 


uo) A it’: ae nce! ee Pie 5 Te od peste. 
$34 € ape. ‘‘eaneleablls ont 
Pett rion jioook spaies olde. .cbiim 


‘ D oe DSR 
sosehees Yd “¢htae- fans 
: lie 
vais ise ves sh a8 es tog Bi: 


rp nae {qhen =i tel 7 


ri 7 ; , f ; a 2 


7 oe . reg Seeatn) See inal ret od ahs 
dixon 43s diace aed ae) aeteete. 


vie ath aft drovers 


78 


Rimstasection;a about fonéeikn* east® of the Reserve 
boundary, covers part of the upper Three Point Creek valley. 


Totalereliefrof ithe area is about 150 nm. 


Except for the ridges to the north and south, most of 
the valley area is covered by outwash and alluvial deposits. 
A good exposure along the trail on the north bank close to 
site #8 (Fig. 3+22) shows outwash resting on Belly River 
Sandstone and interbedded shale (Plate 3612) Two major 
terrace levels are observed. Soils developed from the 
parent materials ‘show a distinct north-south variation. 
South OGEethe Gvalleyya ali) sampleslisites= indicaté good 
development of Brown Wooded soils and in the southwest 
teaching has proceeded far enough for some soils to be 
classified as Podzolic.2® North of the valley, soils are 
Regosolic. On terraces, they are variable but mainly Brown- 


Wooded. Gleying is observed at site #8. 


SS BD 6S? ES Ss Se eS A OEY oe PO ES oe SO OS SS OTD OES Ee 


This section. is at the headwaters of Ware Creek, a 
Majors trabutory of Three Point Creek and immediately 


southwest of Missinglink Mountain underlain by Belly River 


Sor > er ene eaten me ae ee er es sence ante Hee 


BVERSONSAtTHSL test epS jo otté, ST#IRy theitB* horizonsLaresvery 
brown and might qualify as Mini Humo=-Ferric Podzol. 
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Sandstone. The topography at this elevation is almost 


‘mountainous'. Total relief is about 2507 me 


Parent material varies from sandstone and shale 
bedrock of the Alberta Group to thin till in the southeast 
end alluvial deposits in the valley bottom. Soils are 
dominantly Brown Wooded. A few degraded profiles such as at 
Site #6 (Fig. 3-23) Was observed. Thin Black*etosesiack 


Chernozem is found on grassed slopes. 


See S57 GD OP be a OD Se a ee Et GS eS SD UD ES tS ID oe 


This is located only about 2 km northeast of the 
previous section and is within the catchment of Link Creek, 
al Gite bankentributeryroftuwares Creek. Topography is more 


Subdued for the most part and total relief is about 210 mn. 


The ridges to the south are underlain by Cardiun 
sandstone whilst the one in the northeast is underlain by 
Sandstone of the Blairmore Group. Between is a broad area 
of moderate to gentle slopes developed on Lower Alberta 
Shale. Residual soils, however, only constitute a small 
area. Till covers extensive areas and outwash and alluvial 
deposits are found along the three creeks from the west, the 


southwest, and the south. 


Tiesscils sare dominantly Brunisolic. On north facing 
Si teau(sucheuas #9 “and 9 #74, Fig. 3=24), very ‘brown “Bf 


horizons were developed. These soils may be Mini Humo- 
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Peruic Podzols Along the botton of “the narrow valley of 
Link Creek, gleyed horizons occur. At a site 50 m south of 


#78, placic layers were observed below the Bg horizon. 


This valley has been used for grazing purposes, and 
MWeresone, south facing slopes close to the valley and 
gentlersiopestalong thesalluvial Valley@arecienotre veryeuwel | 
covered. In the northwest, about 20 m outside the section 
boundary on fine alluvial deposits is part of an abandoned 
trail now developed into a gully. Sample #11 was collected 


here, 


Sut7 Uniteeinvihe Gataractecreek Basin 


Se es SE ED ED ere OS UES OS es ow Se SS SO ae Se OD Gu ED GS ED oe 


AS in upper Three Point Creek area, access problens 
confine the study of Cataract Creek to three units in the 
€ast. However, a great variety of landscape is covered 


within the three units. 


So SS GS? Ce Se =P GSS we SSS aes <a Ee SD OD eS SS TS 


This area is located at the headwaters of Wilkinson 
Creek, about 2 km west of Plateau Mountain. Bedrock geology 
is considerably more complex than many foothills units. The 
eastern half is underlain by highly faulted Spray River and 
Rocky Mountain siltstone and sandstone. To the west are in 
decreasing amount of coverage : Fernie Shale, Kootenay Shale 
and Blairmore Sandstone. Outwash deposits in the south are 


cut into by a west flowing tributary of the Wilkinson Creek. 
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Shale bedrock is exposed in the central north-south valley 


where one of the plot sites is located, 


Soils developed are Brown=-Wooded on moderate to steep 
Slopes and Humo-Ferric Podzol on gentle Slopes. The 
horizons observed (such as at site #10 and tld pet G.ees= 2 5) 
are very similar to Crossley's (1951) description of Podzols 
in the Kananaskis valley. On gentle slopesyécilose: “tossthe 
main creek were observed peaty sites which may be the 
equivalent of the ‘Hangmoor Peat' of Crossley 117950)2: The 
thickness of peat varies from over 30 cm at site #3 to 10 cm 
abpesite ast 14; At Site #9, peat occurs at 10 cm below the 
surface, underlying a thin Bm horizon. The peat formation 
is related to poor drainage, probably as a result of the 
relatively impervious nature of the underlying deposit and 


bedrock. 


Areas of high erosion potential are confined to the 
cutbanks, especially those in the central valley where plot 


#C2 is located (Plate 3-13). 


Cataract North Section. 


eepetes == 


This section is located at the mouth of the basin in 
the north. Wilkinson Creek drains to the southeast and it 
joins Cataract Creek at a bridge crossing in the northeast. 
The gauging station of the basin is found at the edge of the 


map area about 600 m downstream from the bridge. 
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Bedrock is dominantly Blairmore and Kootenay 
Sandstone in the eastern two-thirds and upper Alberta Shale 
in the west. Deposition intthe Mainsvalleys is extensive, 
Ageing alluvial and outwash deposits. Soils developed 


are Similar to those in Cataract South section. 


Apparently the northern half of the section has 
suffered from a recent fire, probably not more than 20 years 
ago, judging from the height of the regenerated conifers. 
Thus many steep areas show removal of the L-H layer exposing 
the medium to highly erodible Bm horizons. These areas are 
mapped as A2 and A3 units (Fig. 3=26). Shallow slumping 


along cutbanks are also more common along these larger 


valleys. Bot getC4 Geiseeineittactglocated twit hinea slumping 
SCar 
Cataract Central section 


Botowise located’ | onmethe “forestry, road east oha 
Wilkinson Creek valley and is midway between the two other 
units. Bedrock and surficial deposit distributions are 
Similar petoeCataract worth jsection. «-Probably«as a result eof 
a recent fire, much of the eastern slopes are exposed and 
eroded of its thin soil cover. Only large sandy fragments 
remain and it appears that they form in erosion pavement 
that tend to arrest further removal. These are mapped as A3 
units. Poorly covered sites adjacent to the barren ones are 


mapped as A2 units (Fig. 3-27). 
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4.1 Introduction 


In order that data collected in the field and in the 
laboratory can be compared, the techniques adopted should 
ideally ensure that either they are applicable in both the 
f1éld. angeithe *laboratory"*situation, “cor Lt different 
techniques were used the degree of deviations should be 
known and possibly some means of conversion available. 
However, this is not always possible. Sources of error are 
numerous and ehem degree ~of experimental Conuerot aus 
relatively low in the field situation. Erosion plots can be 
disturbed without notice and there are variables which are 
SWOWMeTOsDe Significant put difficult to quantify in the 


field. 


Laboratory tests are generally much more controllable 
and in most cases are reproducible. Thus the sources of 
error are generally more defined and in many cases can 
erehecesehesecorrected® ore@Paceounted “for Pnethestatistical 


analysis. 


The field and laboratory techniques used in this 
SEUcyeestaGescribed in this chapter. The itens of field 
work carried out include installation and servicing of 


erosion plots, field mapping of selected units, soil and 
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Surface material sampling, and measurement Of s0il moisture, 
COVeTMECEnSity, “and bulk density. The laboratory work 
carried out includes rainfall Simulation and analysis of 


various soil properties. 


The erosion plots were installed in the fall OfamiaLe.. 
Servicing and maintenance at varying intervals were carried 
OUESeing the summers of 19732 and 1974. This was accompanied 
by soil moisture, bulk density, and cover density Sampling. 
Field mapping and soil Sampling were completed in the 1973 
field season. Laboratory work was started in Septenber 1973 


and completed in November 1974, 


ee TD CS VE = oO em SD Ge GP ow es 


Many methods have been developed to measure soil 
loss. These include stakes (Schumm 1955), erosion frame 
(Campbell 1974), Gerlach troughs (Leopold et al 1964), and 
plots of various sizes (Hayward 1967). Stakes are only 
Suitable where rapid rates of soil loss occur. Gerlach 
troughs require an accurate delimitation of the catchment 
area and definition of slope length and curvature. There 
are aiso problems associated with the use of erosion plots 
but the fact that they come closest to the laboratory test 


conditions! makes them the most desirable technique for the 
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BO Laie: soil loss is evaluated at a per unit area basis 
Within a well defined boundary 
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present study. 


The use of 'plots' to study runoff and soil loss was 
pioneered by Wollny in Germany (Baver 1938). Tie wet ics + 
plots used in America dated back to the 1910ts.2 Since the 
1930's this has become the standard technique to determine 
the effect of different treatments, particularly among the 


State agricultural experimental stations. 


Hayward (1967), analysed 102 papers dealing with 
soil-loss plot studies and indicated there were "three 
quarters as many plot designs as there were plot “studies.” 
Plot sizes have a very large range but the common size was 
6O05to 100 m2. Details of plot design and construction have 


been given by Mutehler (1963) and Garcia Ciao. (1762 )% 


Despite a number of limitations which will be 
discussed, -this--technique is still widely used today. 
Recent work in Alberta by Toogood and Newton (i950), OOdcod 
(1263), Campbell (1970), Wylidman & Poticus 076(1973)) sand gan 
HeWewecaland by =Ssoons. (1979, |1971), and. Soons §& Rayner 


(1968), have all utilized this technique. 


The basic idea for ‘plot! studies is to reduce the 
abea Ulder study to a controllable *size. However, there are 
a number of limitations as suggested in the literature. The 
mere presence of structures changed the fenced areas into 
"closed systems' and edge effects have to be assumed 


@ See Sampson and Weyl (1918) and review by Mutchler C1962 )e. 
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negligible. In a recent study, Ketcheson Ctged les. 973)), 
indicated that extreme caution must be taken to interpret 
runoff and erosion data fron Plotsyotsdifferent sizes. The 
assumption that plot measurements are unbiased and are 
representative of the area under study were questioned 


(Boughton 1967, Hayward 1967). 


For the present study, the primary purpose of the use 
of plots is to test how far, the laboratory data are 
realistic and therefore most of the limitations of the plot 
technique discussed above become acceptable. Extrapolation 
of data, however, would require additional information such 
as sediment yield as controls. Otherwise data collected by 
this technique ise better atreated ~as indications .of the 


relative erosion potentials of the areas under study. 


Bene we Design of Frosion Plots 


ee eS oe eS ee OS oS SS Ge GS Wee os GS SE oe 


Erosion plots were designed for the present study 
(Gage t=) ~ Plate: 4-4)... Thea plot is.made up of three planks 
Of..15.cm.x.100 cm. x 2,.cm timber fixed into the ground by 
fencing the upper end and two sides of the eae tej p  ASLEP ces i 
stakes. A trough of 115 cm length is sunk in the ground at 
the lower end so that its upper lip just reaches the surface 
of the ground. The joints between the Lip and the ground 
are sealed by a layer of plastic fibre gum. The trough 
leads to a spout by which runoff and sediment are collected 


in a polyethylene bag supported within a rigid 20-litre 
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plastic container. A 'guard' made of aluminiun plate is 
screwed on top of the trough to minimize splash from below 


tresplot. 


So 2D GS GH =P u2 Oe GO SS ES SS ED ihe 1S CaS SP iS a ERP ED Gs ED ES SD we CS ee Gm GS SS GS E> ew OTS 6on Ges as cede ee a SOE? GE ED > ae eS SS Sw ee 


eb 62S > SS ee ED Os iw we © ee 


The basic problem with soil moisture sampling is not 
SO much the precision of each measurement but the large 
variability of the statistical population. Hills § Reynolds 
(1969) have illustrated the relationship between the number 
of samples and limits of accuracy in soil moisture sampling. 
Pilot studies in this investigation indicate that for the 
estimated variance of the samples, a sample size of five 
gives an accuracy limit close to + 5 percent. This sample 


Size was therefore adopted. 


Each time the plots were serviced, five soil samples 
of the upper 10 cm were collected. These were oven-dried at 
105°C in the laboratory and the loss in weight expressed as 
a percentage of the wet soil. This is preferable to the dry 


base method as explained by Robinson (1974). 


pS ue Bulk Density 


2 aD TAD SUP auSa wa? Bw GTd GD aE =| 


Various methods for determining soil bulk density are 
available (Blake 1965). An early attempt using a _ surface 
density probe (Rix 1965) caused a number of mechanical 


problems in this study. The use of the moisture probe alone 
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to determine bulk density requires an accurate measurement 
of soil moisture content, and the method described above is 


just not accurate enough for the purpose. 


A later attempt used a core sampler made available by 
the Department of Soil Science, University of Alberta. The 
Sampler, fitted with copper rings of internal diameter of 
> cm, is gently hammered into the ground. Care is taken to 
Stop hammering aS soon as the top of the ring is flush with 
the ground surface. The entire sampler and sample (to depth 
OPPO. Cm) Sareethen edug*out 2" "The cores are removed from the 
Sampler and a sharp knife is used to trim the lower end of 
mrescoremtlush with the=rings “Two to three “cores of 100 cms 
were taken from each site. The cores were oven-dried at 
105°C in the laboratory. The weight of the core divided by 


its volume equals its bulk density. 


However, the core=sampler method cannot be used in 
areas where the soils are extremely stony, or where bedrock 
is very close to the surface. in *these™ cases; a simple 
excavation method was employed. In the field, a relatively 
large area of uniform slope is excavated. Free-flowing sand 
Was *thengtsed’tosiyil, the excavation until the “original 
Slope is restored. The amount of sand used was weighed by a 
spring balance, accurate to +0.05 kg. In view of the 
relatively large volume of soil excavated (>1 kg) the degree 
to which the original slope was restored was only estimated 


by gently sliding a flat-edge board along the excavation. 
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The excavated soil was collected, oven-dried in the 
laboratory, and weighed. The density of sand used was 
determined in the laboratory so that volumes used in the 
field could be calculated. The weight of oven-dried soil 


divided by the volume of sand used equals bulk density. 


SRE CCS SOAP EE Ee es GS CES Ge ne. 


A SQ x 50 cm quadrat was used for the measurement of 
cover density. In this study, cover density refers to the 
cover at the soil surface level and is expressed in percent 
Olam DaAceus ground. Both the point and area method were 
attempted. In view of the generally small percentage of 


bare ground measured, the area method is more accurate. 


Cover density in a wooded area is effectively 
different from an unwooded area. Estimation of crown cover 
is inappropriate because rainfall impact is complicated by 
Ehroughtall Vand) wand direction. Thus, in the overall 
Statistical analysis, cover density effect of wooded sites 


Cannot be directly compared with non-wooded sites. 


4.3.4 Infiltration 


Some early attempts were made to measure infiltration 
in the field by a double ring infiltrometer (Hills 1970). 
these. attempts indicate that this field technique is not 
suited to the purpose of the present study. Maintenance of 


a constant head is difficult on sloping ground. The manner 
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and depths of vsinsertion jof the -cings greatly affects 
measurement results. The most serious problem with this 
technique is that there is very significant difference 
between the infiltration of ponded water and natural 
rainfall (Branson, Gifford §& Owen aa \ie Comparison of 
infiltration rate by this method with natural rainfall 
intensity is unrealistic. Unless some means of rainfall 
Simulation is possible in the field, infiltration is better 


measured in the laboratory. 


J teecte lo Napping 


The primary objective of this phase of study is to 
develop a relatively simple classification scheme which has 
relevance to the study of soil erosion potential and which 
can be completed within a relatively short period of time SO _ 
that soil sampling that follows can be carried out within 
the same field season. Given this basic objective, a simple 


wparametric® system (Mitchell 1973) was adopted. 


Of the four basic factors affecting water erosion 
potential, rainfall is external to the land system. Soil 
erodibility is measured in the laboratory and therefore 
variations in parent material and field soil properties were 
noted only in the field. Slope and cover are therefore the 
two remaining factors to be considered in the classification 


system. 


To simplify the mapping procedure, only slope angle 


Vy 
i] 
in" 
=. 7 
~~ 0 
la oto ‘de 
! ie 2 aa * a 
_ .e 
— mee 
" i ~~ ' On re h) 
‘ - - h 
er as” vs ’ ed ? 
Q 
‘ . 5 
=e! 
4 3 
* T. ' } é 
1 Zz | 
- 
’ 
‘ ' 
pa J 
~ 
on 
* = A -~ - , ae 
‘ * 
t ~ bd i 
é “= wr = 
; < ; 
- - 7 “ 
% 
| w : 
* : 
sade 7 7 
~~ ‘i at = ad 
a 
| at Oi-oe 
¥ 4 
i ; 
~ > i ps 
ane 
~ 
+ 
a 
ae a $<) 7 he ai r 7 ey 





i 
fret. .ectave back e42 ‘es i ih aia 


‘epteteged? bate, F0TsTORET. - 
oy, os | 






u ha 
. vadw AATF 2 
~~. 


apres thee fil r - _ 
Di : he 


is bil 4 = 


yn yee 












oa 


and ground cover density were considered. It was felt that 
for an exploratory type of study that transects the whole 
Spectrum of landscapes from the plains to the mountains, 
consideration of such factors as Slope length, slope 
Curvature, cover type, species etc were beyond the scope of 
the investigation and added complications that could not be 
handled by the experimental design though some of these 
FactOrs | are, important variables. Enlarged air-photos3 


formed the basis of the mapping process. 


Field and topographic map analysis indicated that 
land slopes could be conveniently classified as : ‘A! steep, 
feces Oregreater;) 'AB'  antermediate, 6° to 159 sand ab.! 
Gentle er 00m toe.6°: In most instances the last category 
coincided with river flood plains, terraces, and halitop 


sites. 


Ground cover density was similarly classified into 
EOUESGEOUpS +4 "etotallyeundisturbed, =0™to 6 percent hare; 
eoeVeparttally disturbed; 6 to 20° percent bares and #3? poor 
cover, 20 percent or more bare ground. This latter category 
includes areas recently burnt-over, or places where severe 
cattle trampling or other intense disturbance has occurred. 
Completely barren sites were given a special category ('4'), 
and included scree slopes, bedrock surfaces, and many triver 


banks. 
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Using these two basic criteria, slope and cover, each 
unit was traversed and sites of uniforn Slope and cover were 
identified; each site being a combination of Slope classes ; 
PAO AB, Or) 'B* “and cover classes : So ee a me COT: 
eae PUG test tos ™EsiCcCh as ABA, Ail, B2 etc. appear as 
fundamental map units. Any variations in parent material, 
Soil etc. within each site were also noted in the base map. 


The final field maps are presented as OVe trays Oneito tue 


reproduced air-photos (Fig. 3-11 to lla ot BA 


4.5 Soil _& Surface Material Sampling 


Wee CSD HED Gn SRD SNC DENTS UES ae ES UD Tee TLD GAD ED Sis GED wee ao GEw USD Uae UGS Ua GE> Ma ED 


Based on results of field mapping, a Sampling plan 
for each unit was devised. The main objective was to ensure 
that each site category was represented making it possible 
to assess the overall erosion potential of each unit. To 
sample every mapped ‘site! would have required an 
unmanageable number of samples. Thus sampling intensity was 
lowered for sites which are well covered and therefore have 
relatively lower erosion potential. The total number of 
samples collected amounted to 233, varying from 5 to 30 for 


each unit (Table 4-1). 


Within each site, a representative location was 
selected. These locations were selected away fron the site 
boundaries if edge effects were thought to be important.. A 
50-cm Square pit was dug to a depth where the 'Bt horizon 


could be identified, and a sample of approximately 10 kg of 
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material was collected from the exposed surfaces of the ‘at 
horizon. Where the 'A* horizon was thin, less than 5 cm, an 
additional sample of subsoil was taken. Additional samples 
of 'A* and *Bt horizons were taken for study of aggregation 


size, organic content and texture. 


LS tnomragehandselevel \eand » fa ranging rod two slope 
readings were taken along the maximun Gradient §2.5 m “from 
each side of the sample location. Then, UuSing sa. 50) x es0-cr 
grid guadrat, four cover density readings, one upslope, one 
downslope, and two at either side of the Sample location 
were taken. These readings, when averaged, gave 


representative slope angle and cover density at each site. 
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Experience with field measurement of soil loss since 
the 1930's shows that because it is so dependable on natural 
rainfall, usually a long period of time is required to 
obtain the desired data. Also data is not reproducible for 
any one particular site except by duplicating plots. FOL 
these reasons and the costs of installation and maintenance 
involved, rainfall simulators were developed. In 50 years 
of development, the technique evolved f7:0m use of water cans 
(Duley & Hays 1932) to highly efficient units like the 
‘rainulator' (Meyer §& McCune 1958) and the Edmonton=-pattern 


Simulators (Boyan 1970).. 
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With the gaining of new knowledge in the 
interrelationships among raindrop size distributions, 
raindrop velocity, distance of fall, rainfall intensity and 
kinetic energy (Laws 1940, 1941; Laws 6 Parsons 1943; 
aechueier & Smith 1958), it became possible to consider 
these factors and their replicability in designing rainfall 


Simulators. 


Ellison §& Pomerene (1944) developed a simulator made 
up of chicken wire sheet mounted below a watertank 
perforated with 6.4 mm holes. The wire sheet was covered by 
cheese cloth on which were threaded short pieces of wool 
yarn through the openings of the wire. A motor kept the 
mounted wire in motion so that drops from the wool yarn were 
Scattered. Intensity varied from 12.2 to 37.6 cm/hr and two 


drop sizes of 3.5 mm and 5.1 mm were used. 


The unit used by Ekern §& Muchenhirn (1947) had 
hypodermic needles mounted to the bottom of a drop tower. 
Fall height was 10.5 m and 5 drop sizes fron 2.75 to 5.8 mm 


were used. Intensity varied from 5.1 to 12.7 em/hr. 


Adams et al (1957) developed a portable rainfall- 
Simulator infiltrometer which used 6.3 mm diameter glass 
Capillary tubing as drop formers. The 5.6 an drops fall 1 o 
to the soil surface and have the same kinetic energy as 
natural rainfall, average drop size 3.44 on, falling at 


terminal velocity. Intensity used was 10.2 cm/hr. 
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The main criticisms of some of these units are: (a) 
chacewonly shigh Intensities (12329t0837,6 ca/hr)) were used; 
and (b) that fall heights were too low so that the terminal 
velocity of natural rainfall was not attained (Epstein & 


Greants1966) 


With improvement in design techniques, Meyer & McCune 
(1958), developed a ‘rainulator' which produced drop sizes 
of 0.5 to 4 mm, reproduced 70 to 84 percent of drop yeranguoalh 
velocities, and 80 percent of the equivalent kinetic energy 
at an intensity of 6.35 cm/hr. However, the flow rates of 
the jets used were too high and intermittent operation was 
therefore required. This meant short term variations in 
intensity at any one spot. A comparable unit for laboratory 


use was also developed (Bubenzer §& Meyer 1965). 


Epstein & Grant (1966), developed a laboratory 
rainfall simulator which had a fall height of 7.62 m and was 
capable of reproducing very closely the erosion index (ET) 
values of natural rainfall. Stainless steel tubing mounted 
under an applicator was used as drop formers. Al Simitar 
Simulator was constructed by Mutchler & Moldenhauer (196208. 
Bryan (1968a) developed the Sheffield pattern simulator and 
later, (Bryan 1970), modified it to the more efficient 
Edmonton=pattern.* Farmer & Van Haveren (1974), used va 
daboratory simulator which produced drops from 0.5 to 5 MM. 


* Details of this simulator will be described in Section 
4.6.2. 
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Fall height was 3.66 m and intensity varied from 7.6 to 


Lancecom/hr. 


As a result of the growing popularity stofy rainfall 
Simulators, their use has been extended to SCUGyeeOr 
Peeentaee erosion rate by considering other variables 
af fectinger erosions SO far, variations in slope steepness, 
soil moisture content, and bulk density have been considered 
(Epstein & Grant 1966; Bryan 1968, 1970; Meeuwig on OF 
Farmer 6& Van Haveren 1971). Effect of cover has also been 
Simulated (Shvebs 19638, Kramer € Never, 196975) Lattanz:. ete cal 


1974), 


Young & Burwell (1972), attempted to compare soil and 
water losses from natural and simulated Fainfali: The 
Prainulator® Pwas* )used in)’ this Study and the results 
indicated a very close correspondence. Adams et al (1959), 
also observed a general agreement between Gainta ls? 
Simulation results and field plot data in a study of 
Blackland Prairie soils of Texas, Apart “from (this, “very 
little has been done so far to relate laboratory simulation 


and field runoff plot results. 


AS with runoff plots, rainfall Simulation has 
Lintitatrous. The effect of slope length is often neglected 
{(Moldenhauer & Koswara 1968). For disturbed Samples, splash 
erosion tends to be over-estimated and wash erosion under- 
estimated (Bryan 1968a). tke stpanstation’ of S“diGidibes 


figures during the test into annual soil loss# St igunes ehis 





a7 
practically impossible (Bryan 1969). 


However, the present study is concerned with relative 
soil loss per unit area and is not an attempt to estimate 
annual soil loss. Whe Gel Locsin wa cheeand splash 
estimates tend to cancel out when the total amount of loss 
is considered (Bryan 1968), the relative M@irates) fof loss 
established by laboratory simulation have to be tested 


against field data before being applied to estimate relative 


erosionsipotential imythe field. 


BeOr 2 The Edmonton=Pattern Rainfall Simulator 
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since ‘this Gnit has been described in detail 
elsewhere (Bryan 1970; Appendix 4-1), only the salient 
features are presented in this section. To suit the purpose 
of this study, attempts were made to develop a suitable 
technique for the simulation of cover density (Section 
4.6.4). The runoff collection system was modified to allow 
measurement of runoff rates. Variability in rainfall output 
and soil .erodibility in relation to surface particle size 
distribution, bulk density, and moisture content were also 


studied. 


The Edmonton-pattern rainfall simulator (Fig. 4-2) 
Raised fall heightsofe2.59im.4 Thesranges of) drop ‘sizes is 
Epon~e0. San tot o.o mwnst Forjpa; 102 mn/hr intensity storm, the 
drop sizes produced are found to show too high a frequency 


for the smaller sizes when compared to drop sizes of natural 
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rainfall at the same intensity published by Laws & Parsons 
(1943). Kinetic energy calculated on the basis of the drop 
size distribution observed, is 65 percent of the kinetic 
energy of natural rainfall of the same intensity 


(0.93 Watt/sm2).5 


However, it must be noted that only approximate 
intensity-frequency relationships are known in Alberta. No 
measurement of drop size distributions of natural rainfall 
are reported and there is no reason to assume that the drop 
Size information published by Wischmeier §& Smith (4953) e0s 
applicaple  Stcoigthe area under study. This fact necessarily 
poses a iimatatvone Of ma conscineranle Significance when 
attempting to compare laboratory results with field 


CongieLons. 


AMOther shea tuLenolithey Unites is ethes sepamation of 
splash loss» from wash loss (Fig. bes) 2% For time-rating of 
runoff, a 0.80 m trough sloping at a small angle was mounted 
in place of the wash collector at the base of the unit. The 
LoOUG weleddss VOmtnee BtrOmnt eof mithe:suinat gemhere: cunoff sac 
collected by a polyethylene funnel draining into 1 000-ml 


beakers. 


One problem associated with the separation device is 
that the aluminium shield does not provide a complete 


BEOkecrion of the slot outlet from direct rainfall. This is 


S According to the intensity~kinetic energy table published 
by Wischmeier & Smith (1958). 
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especially the case when testing is carried out at high 
slope angles. Another source of error in the separation 
occurs where splashed particles are collected on the inner 
side) of the projected shield. Care was Tokenmei ne themtosts 
to remove this fraction separately and add to the splash 
loss collected in the Splash can. Possibly a very small 


portion may be lost to the wash slot during the runs.6é 


lees S| Galibreat1onecr the mainfal1 
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EOD the range of natural rainfall intensities 
observed (Section 3.6.3), the 102 mm/hr rate, was selected, 
This intensity for a 15 min period has a return period of 
about 25 years in the study area (Bruce es stort 1968) and 


was used in a similar study of Alberta soils (BEyane i197 )\r 


The 102 mm/hr intensity is produced using one pipe in 
each bank of the spray unit, with six nozzles of 0.79 mm 
diameter, and two of 0.39 mm diameter. For calibration, 
Four standard 5=inch (12.7 cm) Casella rain Gauges were 
placed in the sample pan with the Slope set at 09, The 
angles of the spray nozzles and the pressure regulators were 
then adjusted until each rain gauge records 51 + 3 mm over a 
half-hour period. The intensity is checked every 30 to 50 
runs to ensure consistency in the expeiiments. The nozzles 
are also frequently examined to eliminate carbonate deposits 


Mo cue arrows mice, Oe mee eae ere oe 


6 This may be significant in the cases with a relatively 
Small amount of wash loss. 
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carried by tap water. 


Because frequent calibration of the simulator 
revealed variations in rainfall output, an attempt was made 
to examine this variation by making 10-min runs for 10 
successive Pimessmeethe Lesults of this test are Shown in 
Table 4-2. The mean and standard deviation of this sample 
are 101.5 mn and 2.9 mn/hr respectively. As an 
approximation the +32 standard deviation range is used to 
represent 99 percent of the sampled population. For this 
test, 99 percent of the output sample will fall within the 
range 92.8 and 110.2 mm/hr, or about +8.5 percent of the 


mean. 


Besciiietereas of  thes{1956).8 foundsthatesoil lossiis 
Besteypcorselated Swiths .thew.product..tern total Kinetic 
energy X maximum 30-min intensity (BI;). Thus it appears 
reasonable to interpret rainfall intensity in terms of this 
PEOGUCTSRterns For the values observed in the sample, EI3, 
Wo bUewi sett O20 d=m/hr to 202.1 J-"M/hr. For 30—min faantall 
at 191.6 mm/hr, the EIL3 value is 170.0 J=m/hr. Therefore 
the present eepre suggests a maximum deviation of +17.5 
percent from the target rainfall intensity interpreted in 
terms of its ‘erosivity'.?’ However, this is the maximun 
possible and is certainly excessive for 30-min runs because 
eee rainfall erosivity assumes an average drop size 
distribution published by Laws & Parsons (1943). It is not 


known how well the simulated drop size distribution 
corresponds to observed distributions in Alberta. 
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for the runs with a longer period, short term variations are 
dampened and therefore between-run variations Should be much 


‘smaller. 


Apart from rainfall characteristics, other variables 
affecting soil loss were also studied. These include slope 


angle, cover density, and soil moisture. 


Slope angles measured at each site in the field were 
plotted on a frequency diagran (Fig. 4-4). The data were 
divided into three groups relating to the three slope 
classes used in field mapping. in order to standardize 
laboratory studies, the range of total Slope angles 
encountered in the field were reduced to three categories. 
Field slopes from 0° to 6° are represented Dy a 3° slope in 
Eleesimuletor:) 59 to 15° by a 10° slope; and field slopes of 


15° or greater by a 30° slope in the simulator. 


Previous studies attempted to duplicate varying cover 
densities by using either dry straw (Shvebs fo Ocoee tid ioc 
1974) or fiberglas electrical Sleeving (Kramer & Meyer 
“CAEREAY gs For the present study, 10 mm thick porous foam 
plastic sheets were used. Random patterns cut from each 
sheet gave the required percentages of bare ground. The 
sheet was indented by random stapling to simulate variations 
in cover surfaces and to allow movement of intercepted water 


as down stems and leaves. To standardize Simulation 
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procedures, all average readings of percentage bare ground 
in the field were plotted on a frequency diagran (Fig. 4-5), 
and grouped in such a way to approximate the classes used in 
Preldenappindeyectasse! 0% Oatoyi.9 percent bare; class !1! 2 
GOR? 2apercentebare;  classet2' 8 to0.19.9 percent bare; class 
Mayez0sto 99°29 percent bare; jand class *4' 100 percent bare. 
€Vasses '*1" to  '3* are each «represented by one single 
Percentaqgceain Grhoisinuwlatorpeviz Classe tebymospercen. 
Ga neymclasse2ii bye lSepercentsbare, and class ‘3% nae 45 


percent bare. 


Because runoff and erosion are greatly influenced by 
antecedent soil moisture conditions, these factors must also 
be considered in simulated erosion studies. Hence, in the 
laboratory, allowances are made for variations in soil 
moisture content. Two antecedent moisture conditions have 
been selected to represent these variations : an air-dried 
condition simulating erosion after a long drought and a 


field-capacity state simulating erosion when soil is moist. 


4.6.5 Laboratory Routine 


= 


The laboratory routine established was that each 
sample would have three runs of one-half hour rainfall at an 
intensity of 102 mm per hour. All soi. samples were air- 
dried before use. In order to ensure comparability of data 
obtained, each sample was passed through a 4 nn aperture 


square-hole sieve. The sieved samples were then packed into 
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a sample pan above three layers of 10 mn glass beads which 
were covered with a layer of tissue prior to having the soil 
added.®& The tissue and the beads provided drainage for the 
sample and ensured that downward wash of particles did not 
take place since only splash and runoff erosion data were 
Pequired "The soil was levelled to the top of the pan which 
was then adjusted to the required Slope angle. Bulk density 
of the same sample was measured DY packimgesoileain san) 


aluminium container and weighing. 


Pic fireteperiod of tainfall,@30 minutes oOneair-dried 
soil, was followed by a drainage period of a further 30 
minutes. Then an additional 30 minutes of rain took place. 
Whenever the cover density fell into class ieee, Or, Ae 
a third period of rainfall after another 30 minutes of 
drainage was produced with the appropriate cover density. 


sheet placed over the sample. 


During the first two runs, the amount of runoff Lor 
selected samples was recorded at 5-min intervals. This gave 
a time rating of the production of runoff under steady 
rainfall. ToOtaleguunotieawaswerecorded. iforetall samples. 
During each rainfall period the eroded materials (splash and 
wash) were collected separately. The splashed portion was 
passed through a 63-micron sieve, and the coarse sediments 
- A RE Cr ae for packing was followed. Sieved 
soil was transferred to the pan without compaction. Excess 
soil was removed by rolling a 20 mm diameter wooden rod on 


the edges of the pan. The procedure was foliowed for 
testing bulk density in the laboratory. 
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washed into a dish to be oven-dried; the sediments passing 
Tierstevetwere ecol Nected@tin bea» settling container, then 
removed by decantation and oven-drying. Runoff sediments 
were deposited in a container and trough below the sample 


pan, then separated by oven drying and weighing. 


4.7 Analysis _ of Soil Properties 


2S Cy cae OR BES OS GEES Gee Oe EE ee DS eS SP SD OS HOS wy ED OS 


Aggregation size, soil texture, organic carbon 
content, and bulk density were analysed in the laboratory. 
The bulk of this part of the work was done in the fall and 


winter cf 1974, 


u.7.t Aggregation 


ap ae =o 


The Yoder (1936) wet sieving technique or variants of 
it, has become the standard technique for testing soil 
aggregation size (Kemper & Koch 1965). Although in a sense 
this technique also measures aggregate stability, it should 
be remembered that the forces involved are mainly water 
slaking and to a minor degree abrasive and impact forces 
during sieving. Aggregates remaining undispersed during wet 
sieving may or may not become dispersed under raindrop 
impact. This latter force is not considered in the 


established technique. 


Four sieves : 2.83 mm, 2 mm, 1 mm, and 0.5 mm were 
USedeintthesanalysis: /°A) Yoder 1 (1936) ety perssieving* machine 


raises and lowers the nest of sieves 4 cm through water 
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approximately 30 times per minute. Air-dried soil was DOSE e 
passed through a 4 mm square hole sieve to ensure that the 
sample used is comparable to the one tested under simulated 
rainfall. Two 50=-g subsamples were taken. One was oven- 
dried to give the basic weight and the other transferred to 
the top sieve. The sample was wetted for one to two minutes 
before sieving began. Each Sample was sieved for 20 minutes 
and the contents of each sieve oven-dried and weighed. The 
four fractions were then emptied into a 600-ml beaker and 
soaked with calgon overnight. The Sample was agitated with 
a shaking machine for 1 minute, wet sieved the next day 
through the same nest, and sand fractions collected, ovene- 
dried and weighed. The weight of water stable aggregates 
(954) Of a given size is given by : 
W(a) = W(s) 
where W(a) is weight of aggregates and W(s) is weight of 
sand fraction. The basic weight is also corrected : 
WiGS ee OG h(ES) 

where W(cs) is corrected basic weight and WUCS) Pa setota lL 
weight of sand fraction. Percentage WE2Ght OL MWSA) Oc rd 
given size is then computed by dividing weight of WSA by the 


corrected basic weight. 


Aggregation size is reported in six aggregation 
LUALCeSie Wo AP > e015) — WSAe > 420, HSA) > 2a, WSA >> 2583) 0m; 
Geometric Mean Diameter (Mazurak 1950), and Mean Weight 
Diameter (Van Bavel 1950). All indices are reported with 


reference to the basic weight. 
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One problem with the sand correction technique is 
that when a considerable amount of coarse sand is present, 
the corrected basic weight becomes much smaller than 50 OG, 
sometimes less than 25 g. This induces a relatively higher 
margin of error in these more sandy samples. Also sand 
correction requires the complete dispersion of the sample, 
Any mechanical means used to help achieve dispersion will 
break down highly weathered sand particles. For this reason 
Sand-corrected data may become very unrealistic, and a 
number of samples from badly eroded sites were discarded 


(Section 6.3) from the final statistical analysis. 


4.7.2 Soil Texture 


For this study, a modified hydrometer technique 
{(Bouyoucos 1961) ais preferable to the pipette (Kilmer § 


Avexander. 1949)"because iteis faster. 


Some preliminary studies also indicated very 
Significantly different results with and without using 
hydrogen peroxide (H,02) to destroy the organic matter 
presen tee Appendixs3—2) .'oThistusesfor Al bertal soilsedisealso 


recommended by Toogood & Peters (1953). 


Two 20-g sub-samples were weivhed to the nearest 
0.05 g from a sample that passed through a 2 mm Sieve. The 
samples were transferred to 600-ml beakers. Then, a few 


drops at a time, 30 percent hydrogen peroxide was added, and 
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the digestion completed by warming the sample for at least 
2Phourstatr90°C,on a hot plate. The procedure was repeated 
PEasvisual inspection indicated incomplete destruction of 
Organic matter. Water was added and the samples left 
undisturbed for 24 hours before the Supernatant water was 
Siphoned off. One sub~sample was then oven-dried to give 
the basic weight and 50 ml of 5 percent sodium metaphosphate 
added to the other. This latter sample was soaked 
overnight. The next day, the Sample was agitated in a 
Standard shaking machine for 5 minutes and then transferred 
into a 1 000-ml cylinder. Tap water was added to make up 
the suspension to 1000 ml. When the temperature of the 
suspension became stabizied, usually ‘aftter two to three 
hours, the suspension is thoroughly ixed fore ieminiter 
using a brass plunger, and the hydrometer inserted to take 
Headings at 30 sec, 1 min, 3 min, 30 Wi eee nis andes oh ise 
Fach time, a temperature reading to the nearest 0.1°C was 


taken. 


Data computation follows the standard procedure 
documented Sthy “Day ~«(1965):. A table relating observed 
hydrometer readings to 'Og' values (ASTM 1954) was prepared 


(Appendix 3-3). 


Available techniques for analysis of organic matter 


content are usually rather involved (Broadbent 1965). That 
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is perhaps the reason why the Walkley-Black reba the 
Schollenberger method has become so widely accepted (Allison 
7965). A modified Walkley-Black method described in Allison 


(1965) was followed in the present study. 


A small sample was ground to pass through 0.5 mn 
sieve and two sub-samples were weighed out (Osman) y aeO . sg 
but larger ones up Low5eg have=to be used for soils of ‘low 
organic carbon content). One was oven-dried to give the 
basic weight, the other was transferred to a 600-ml conical 
flask and 10 ml of 1N potassium dichromate (K2Cr,0,) was 
added. Then 20 ml of concentrated sulphuric acid (HSCs, oo 
percent) was rapidly added and the flask swirled for not 
Poscecthan 30 8sec,) When Cooled, 10 mg of silver sulphate 
powder (Ag,S04) was added as a catalyst and about 250 ml of 
distilled water was added. The excess dichromate was then 
Pitrated Swith §0.1 N MNohr's solution,® using 5 drops of 
phenylanthranilic acid as an indicator.19 At the end point 
Ciecncetatration,. the seller changes rapidly from dull blue 
to emerald green. A blank determination made without soil 
served to standardize the solution for each set of 10 to 20 


samples. 


Percent organic carbon (uncorrected) was then 
calculated as: 
(ated ee (ala) xO. ax oN /W (Ss) 


9 Mohr solution was prepared as described in Kononova (1961) 
SOSThe 2ndleator was prépared according to the method 
described by Kononova 1961, p.245. 
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Wherest(b)eisiblank titre, pia)eiseactual titre, ) M as ‘the 
normality of the Mohr solution, and W(s) is weight of oven- 


eadry (soigsanegrans. 


The total percent organic carbon is obtained by 
multiplying the uncorrected value by 1.33 (Hesse 1971). 
Thais §isi¥ae. correction .~for incomplete digestion of the 


reaction. 


4.7.4 Bulk Density 


Laboratory -bulk density was Simply determined by 
packing (as in preparation of sample for rainfall Simulation 
Study) a subsample that passes through a 4 mm square hole 
Sieve into an aluminium container that has a volume of 134 
cm3 and weighs 24.2 g. Laboratory bulk density is equal to 

NCO ee) atv. (c) 
where W(t) is total weight, W(c) is weight of container, and 


¥V(c) 1S volume of container. 
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CHAPTER FIVE 


Srey Introduction 


All samples were collected from the 17 selected units 
during the summer of 1973. Table 4=1 shows a distribution 
of these samples with respect to unit. The location of the 


sample sites are shown in Figs. 3-11 to 3-27. 


One~hundred-and-fifty-three samples were analysed in 
the laboratory during 1973-74. The samples were tested for 
erodibility, infiltration, aggregate size, organic carbon 


content, texture, and bulk density. 


During the rainfall simulation studies, soil samples 
were tested “at three slope angles 39, 10°, and 30°, and at 
pUGee Cover densities 95, 15, and 45 percent bare ground. 
Table 5=1eshows the classification of tested samples - with 


respect to slope and cover classes. 


This chapter endeavours to present all laborataory 
mestingsrcsultsagaSoi)lelosseand runoffidata are -otreated in 
sectionsie5. 2etoes. 4ctEmphasis is «placed fon -thesexamination 
of within and between run variations. Soil properties data 
atemyconsidencds inasections.5.5 (t015.10. pabtoissedeemed nost 
important to attain a thorough understanding of the (pene: 


relationships among the soil variables at this stage. Thus 
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Section 5.8 examines the reciprocal effects of clay wand 
Organic content on aggregation. Also, to gain some insight 
into the operating S®Lrosion processes during rainfall 
simulation, the relations between soil loss variables and 
soil properties are investigated and presented in Section 


Sale 


It must be emphasized at this juncture that the test 
results must be weighed judiciously before they should be 
generalized because the samples collected are by no means 
tandom. Also, it is recognized that Generalizations: “over 
broadly identifiable zones, but which have very considerable 
amount of within-zone Veniations, may have limited 
applications. In this chapter, constant reference to sample 
group names such as prairie soils or forested soils is only 
a convenience and does not imply any conciusive remarks on 


their respective populations. 


ote Test_of_ Data Variability 


Rainfall variability has been discussed in Chapter 4, 
Two other tests, using one control sample (#CC11), were 
conducted to evaluate actual variability in soil loss and 
vatiability due to surface particle size distribution. This 
sample, #CC11, has 63 percent sand and 15 percent Sclay. 
Other pertinent data are available in Appendix 5-1. Both 
tests were conducted at a slope of 309. ‘Table 5-2 shows the 


results of the two tests. 
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POtmeCicmmeritcte test;aethe data suggest that the 
Simulated rainfall variability is smaller than the + 17.5 
percent obtained in Chapter 4. Despite the small number of 
Samples used, the standard deviation is 46.2 g/m@. Three 
times the standard deviation is 138.5 g/m2 and this is about 


+ 12.4 percent of the mean. 


THE @esecond Stest) is Sconcerned with the surface 
particle size distribution. Five samples were prepared of 
which two had more coarse fragments on the surface, one had 
more fine particles and two others were prepared in the same 
Maveocethe Set ainethe first= test, “The result indicates that 
with more coarse particles on the surface initially, less 
erosion will occur. The sample with more fines at the 


surface shows much higher soil loss. 


The standard deviation of this sample is 259.8 g/m2 
which is about 23.5 percent of the mean (Table 5-2). This 
test therefore demonstrates the possibly much larger source 
ome L Otel me tOnmValiati0ons sin sdistripution of = surtace 
particle size Eelativer to) raintall Poutput. Ss eels 
Particularly significant for sandy soils. Because of this 
result, special attention Was paid to ensure that the 
surface half of each rainfall simulation sample was 
thoroughly mixed and visible departures from the average 
particle size distribution at the sample surface were 


avoided. 
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The size of sample pan used in the simulator was B0.5 
me aC Ms The amount of soil loss was measured in grams. 
The final unit adopted for measurement of soil loss was 
g/m2. This applied to splash and wash loss of all three 
runs. The data had also to be corrected for slope because 
as rain falls vertically, an increase in Slope reduces the 
total rainfall catch. This amount is DEQDOGE NON amt OmmetiTe 
secant of the slope used. This also applied to splash and 
wash loss of all three sample runs, For easy reference, 
abbreviations of the soil loss variables were preferred and 
they are shown in Table 5-3, Other variables are also 


included in this Table. 


Bake. 2 RUNOLCEeData 
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Under naturally occurring conditions, precipitation 


(PP) is ¥Sidst through interception, evaporation (V7 
Boeri tration’ *(h) 7 matt a “runoff © 2(o): Where vegetation is 
absent, 


La al le eel tal te pile ES 
Im=the Vaboratory “situation “and “for” a "small “unit area, 
evaporation is assumed to be minimal Curing “a "Snort ! 


rainfall period so that 
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Pe= shat U.. 
Bonagtnesisinulator® usedrsinesthise study ).there sare two 
additional variables to be considered. One is loss of water 
through splash (Sh) and the other is direct rainfall into 
thencollectionstroughe (Rd)ssoethat 

Pas ERY Usat Sh + Rd. 

POreasgdiven slope, 'P' Aas (a constant. Comparison among 
different slopes requires a correction for difference in 
area due to change in slope. Amount of water loss through 
splash (Sh) was not measured but laboratory observations 
Pidlecate that the maximum value of "Sh*t is small relative to 
Poeoescimelret et! that) theoretically is) ‘another constant 


Beet rerousimxed.* Ps and (slope. 


PEGcheavaluchor a! Rd siss known, then 
Pusfrii= Petevgornk + Ula ks 


and thus for a given slope 


DUeemayetnerstore Serve’ as a readily available index of 


iD clea ton. 


Using an empty soil pan, attempts were made to 


measure directiyathepvalue:ofi'Rd' for: different; slopes in 


Shee oeasonawhy LFS oa direct sndex of infiltration; ismot 
Dseoei net hishecuidy,eissthatetheptanalldistribution of: tRtkis 
very strongly left-skewed. Transformation into a normal 
distribution would require the reverse process of finding an 
empirical constant k'' where k''t is greater than the maxinun 
value of 'F*' and then choose a suitable transformation to 
produce a normal. distributions Tiny thasitcaseer itis 
preferable to use 'U' as the infiltration index. 
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the simulator. These attempts were unsuccessful mainly 
because they exposed a large surface area inside the Sample 
pan for splash to take place. Thus measured values tend to 
be too high, far higher than some of the actual recorded 'U! 
values. This was true despite attempts to reduce splash by 


placing foam sheets in the pan. 


The only other way to overcome this problem is to 
examine the runoff data. Plotting of some runoff rating 
curves indicates that because there is a small time lag 
between runoff leaving the sample pan and AEP Uy ingaeatalthe 
Pomot Seecol lector madatatetora thes first=5-min «hasea high 
variability depending on how wet the runoff trough system is 
and this in turn depends on time elapsed since the previous 
thi Theretore, before any analysis was made, only the 5-= 
min to 30-min runoff is considered. All future reference to 


BUt@eperclasns eto Chis: variable, 


Hestogransagforasrunofts gwere plotted for three 
different .jslopes (Fig. 5=1). They show distinct peaks that 
are roughly similar to the estimated amount according to the 
calibration results. Runoff and wash erosion were then 
examined in bivariate plots (Fig. 5-2). In VEacta cali aa lt. 
cases, it is possible to hand-fit a curve to the data with a 
Shape that indicates wash loss generaliy increases without a 


corresponding increase in runoff when wash loss is small. 


Based on these curves, correlation profiles were then 


devised using wash erosion and 'U - Rd* as variables, the 
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"Rd' values being so selected that they cover the regions 
suggested by the hand-fitted curves (Fig. 5-3). The final 
‘Rd values selected were the ones that give the best 


correlation between wash and runoff minus direct rainfall. 


Admittedly this method is not very accurate, the 
finaye “kat vyaluesStselected haveva probable error of up to 
£20701 onm, “but, tasicantbeée seen in Piges5=2, “Variations! vin 
rainfall input plus random error tend to produce a small 
Pengeoerather than va specific value for "Rdt. Therefore, it 
is in fact impractical to select any one particular value. 
Also within each region tested, the difference in ‘'r' for 
different Rd's are relatively small and should not 


Siouvirveantly atftect the results. 


All runoff data were expressed in mM. Slope 
corrections were made for these data as described for soil 
loss data in Section 5.2.1. The final 'Rd' values selected 


ape ess 25:42," 2.48, and 3354 mm for 3°, 10°, and 30° slopes 


respectively. 
5-3 Ssoil_Loss_ Variations 
9-3-1 Within _Run_ Variations 


Since every sample was tested under a ‘dry' and a 
‘wet condition, two complete sets of data are available. 
For each set splash loss is separated from wash loss. ~ A 
third “set*)of soil loss data using cover simulation are 


available for most of the samples tested. THiS is) oalso 
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discussed ini this, chapter. 


Descriptive statistics for untransformed soil loss 
variables are presented in Table 5-4, Generally most of the 
distributions are right-skewed. OUT IO LMIa ll tr a lseator 
transformation, the log (to base 10) transformation is found 
EOpebey thealnost. suitablea2ritThis agreeseawel1e with Bene 
expectation that the processes responsible for soil loss 


operate on an exponential scale. 


Transformed soil loss data are presented as 
histograms in Fig. 5-4a, subdivided according» to eslope. 
This is because only when slopes are identical can 
Mab Vat vous scing (SOblEscrodibitlity—sube directly assessed. 
Generally the transformed data are normally distributed. 
But a number of distributions are either bimodal or skewed. 
tng facteemost) of, the histograms in the 3° slope class are 
bimodal. Examination of Table 5-1 indicates that bimodality 
of this sample is due to the presence of some “highly 
erodible prairie soils which are or had been under 
Cultivation. These are differentiated from the relatively 
non~erodible soils mainly from the rough pastures of the 


LOOtNTLLce 


After transformation, splash loss in the 30° slope 
class becomes left-skewed. This tendency is in large part 


¢ These transformations are required to satisfy one of the 
basic assumptions for multiple regression analysis to be 
presented in Chapter 6. 
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due to the high erodibility of a number of prairie samples 
which appear to attain a fairly constant rate of splash loss 
ingthowewets cun and. that is why a stronger skewness is 


developed for SPASHW.3 


yee cnirdeescetmeroterdatag isisassociatedsawith cover 
density simulation. Because the number of samples in each 
COVere Category ivarieseiirompqgone y Slopeleclass “toeanother 


(Table 5-1), the distributions tend. to be more irregular. 


However, when these distributions are considered 
without subdivision (Fig. 5<4b), many of these departures 
from normality disappear. Statistical tests of ‘goodness of 
fit' of these distributions to normal curves of identical 


mean and standard deviation are available in Appendix 5-2. 


Bae a2 Between Run Variations 


elassicabystucies (Horton 1932, Neal 1937) found that 
under identical conditions, erosion associated with a 
WUOto. eoOlleis much greater than wathoa ‘dry! “sol. This 
was later termed the factor of tantecedent moisture content! 
(Pi Sdalime 951s) The lower infiltration capacity associated 
Heide NOL SteMsoll Tsebnoughteto be partly, cesponsibles for 
greater runoff and therefore wash erosion. More recent 
studies (Palmer 1965, Wenzel 1970) have shown that the 
hydraulic conditions associated with a thin layer of water 


3 Abbreviations (computer words) of the soil loss variables 
are shown in Table 5-3, 
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are such that the related turbulence is amplified and splash 


erosion is therefore enhanced. 


To study the pattern of change fron "any'= tomPatwe:! 
conditions, soil losses in dry runs are plotted against 
wheileeWwe CEE Lin@MCOUnterparts sin? Fig. 5-5. These data 
generally confirm established theory. However, there are a 


number of significant relationships that require discussion. 


In the total loss cases tested at 10° and 300° Slopes, 
the slopes of the best fitting equations are close to unity. 
For slope equal*@toet0?, 

TOTALD = 0.65 (TOTALW)° 95, R2 = 0.94; (5951) 
and for slope ate 30°; 

TOTABDG= OFU9S(TOTALR)S GS NGRe t= .0. 94% (522) 
The similarity of these two equations is evident. For Slope 
equal to 3°, the fitted equation for all data points is 

POTALD = "0522 (FOTATW) 1520) tRe =20, 92% (593) 
However, if data points from the prairie samples (Horizon = 
Ap) are eliminated, the resulting best fitting equation 
becomes 

TOTALD = OFEVN(TOTALWYOC95 , oR2 2902922 (5.4) 


This again is very similar to Fquations 5.1 and 5.2. 


UNeshigiek-avaiweseot "“Hquations 5S2teeto "Sra Sisiqgest 
that the collected data have a high degree of internal 
consistency. the S@siiwebariiy OL | the coefficients in 
Equaeionsis21, Si2pvand 554 indicates a “qéneral relationship 


between TOTALD and TOTALW despite the fact that there are 
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differences in location, horizon, and landuse patterns. 


The departure from this general relationship found in 
Equation 5.3 where prairie samples were included requires 
explanation. It is likely that because of the existence of 
surface detention (Section 5.4.2), the type of relationship 
between TOTALD and TOTALW is prescribed by the ponding 
effect. However, there is no doubt that the degree of 
internal consistency of data is equally high, as is 


Suggested by the R2 values in Equation 5.3. 


Pie COmparisongsco (total loss, the degree of 
association in wash and splash loss data is not so strong 
(Fig. 5-6, 5-7). This tends to suggest that the separation 
of wash and splash is not complete. Lack of fit is also 
found for the smail values in the wash loss data. This is 
probably related to greater measurement error at these 
levels. However, these snall {in absolute terms) 


measurement errors are largely eliminated when wash loss is 


(0) 


added to splash loss. These further suggest that at th 
level of measurement accuracy in these experiments, total 
loss is a more dependable index of soil erodibilitys than 


wash or splash loss alone. 


Table 5-5 includes he best fitting equations for 
wash and splash loss. The equations for splash loss are 
close to those for total loss. For wash loss, R2 for 10° 
Slope samples dropped to 0.75 and the scatter diagram 


(Fig. 5-6b) showS a very strong ‘clustering' effect. 
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Concentration of values in the lower ranges and probably 
higher measurement errors at these levels produce a 
regression equation that has a much smaller degree of 
freedom than the number of points on the diagram suggests 
(Croxton et al 1967). The slope of the line is therefore 
much less dependable.* However, if thisei sc i ncorporateduinto 
a much larger diagram (Fig. 5-8a), the lack of 5 Bale o 
disappears. This substantiates the contention that the lack 
Oteeto tein bigs 5=bb isvdue to SAanpViingaenmtOLomeh Similar 
plot for splash loss is presented for comparison (Fig. 5- 


8b). 


For sicpes at 3°, SPASHD is greater than SPASHW for 
SPASHD values greater than 710 g/m2 (Fig. 5-7a). It can be 
seen that these high SPASHD values are aSsociated with the 
prairie soils under cultivation. Because of the generally 
tow aggregate stability of these soils (Table 5-8), splash 
took place rapidly in the dry run. Pavement effects due to 
the remaining less detachable particles reduced the splash 


rate during the wet run. 


Another probable contributing factor is the effect of 
surface detention of rainwater in the wet run. Existence of 
surface detention water up to a critical thickness will 
reduce splash loss significantly (Palmer 1965). However, no 


measurement of the thickness of the water layer is available 
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to verify this explanation, a point to be further discussed 


PNeSeartion so. ob. 2 


DW ERSE Variations_in Splash-Wash Proportion 


2S SS ES SS oD SG ES oe ee mee Ibe GED ane GES ues G5 Gee GED me GEG mS me es ee 


Of all the data sets analysed, 97 percent and 90 
percent have more splash loss than wash loss in the dry and 
wet run respectively. Bhiceloecontrary tosthemetind i ngaot 
Bryan (1974) where total splash loss is substantially lower 
toaneLOtalmwashi!oOss for all sample groups. The likely 
expbenationes i ceutheserelative (erodibility (of the samples 
tested.5 Bryan's (1974) samples are mostly from the plains 
aGCaeWhlbstein this study, mountains, foothills, and plains 
samples — represented. This difference would also suggest 
that the relative significance of wash and splash loss may 
DeecebatedsvOsSOMecrodibitaty. Bryan (1970 Fig. 5=8). has 
already demonstrated a positive relationship between splash- 


wash ratio and percentage-weight WSA > 0.5 mm. 


To test the hypothesis that splash=wash proportion is 
Be lived LOmSOiteclodLulLi uy, tueGspLOPOLtion Of wash Loss to 


Puce eel OccemE(DOLM NGL y sland: wet sTins) Ob seach <cun was 


calculated, and their ratio x 100 percent was plotted 
against TOTALT for the three slope categories. These are 
presented in Fig. 5-9. In general, as total soil loss 


increases, the proportion of wash loss also increases though 


S The slone angles used were different but even so slope is 
immaterial in this case. 
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this situation is not apparent for the 100° Samples during 
ch Com ryes runt This suggests a general relationship that 
“increase in soil erodibility results from an increase in 
wash loss possibly with a concomitant increase in runoff. 
The lack of relationship for the low Srodibvia tyes rangess1s 


related to absence of runoff. 


However, these results do not show clearly whether | 
there is any variation in the amount of increase in wash 
proportion between the dry and wet run. Torshow this 
pattern of change, the difference between dry run and wet 
run wash proportion is computed and plotted against TOTALT 


(Eigse 10)". 


For slopes at 39, it can be observed that for TOTALT 
greater than 160 g/m2, all samples have positive wash 
PLOopopti0on Gvalues ¥ (Fig .f5=10c) . Ite is Vanteresting to 
observe that this threshold value is just about the lower 


limit of prairie samples shown in Fig. 6-1. 


For slopes at 109, such a pattern is not apparent 
(Page. 5-4 0b). This is likely to be related to the small 


number of erodible soil samples tested at this slope angle. 


Fou “Slopes atm 30°97 taseconplex relationship is 
suggested) (Figs 5=10a) . For soils with a low erodibility, 
wash proportion does not change appreciably from the dry to 
the wet run but for soils of high erodibility, the amount of 


increase in the wash proportion is related to TOTALT. This 
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further suggests that the increase in soil loss from the dry 


to the wet run is also a result of increasing wash loss. 


Runoff data were adjusted as indicated in Section 
Deion’ « Basic statistics are presented in Table 5-4, The 
data show a strong right-skew distribution. Use of log (to 
base 10) transformation produced an adequately normal 
distribution (Fig. 5-11) but this requires the elimination 


of those data sets having zero 'U-Rd' values. 


The pioneer work Ota OG COT mE (1935 ,m 045 )eehas 
established the classical model of infiltration for barren 
SOlLS. SrecminevltLatvOnetatesdomateits pea keat the initial 
time and gradually decreases in time until a finale 
infiltration rate is reached. An examination of the runoff 
datamindscatesechac the faunaleianftiltratione rater | doess not 
always appear within the two 20-min run periods and if it 
does appear, it is more likely to be within the wet than the 
dGYeLUNn Ss Because! ofethis wariation,@ total runoffiin the dry 
run depends largely on the slope of the infiltration curve, 
whilst in the wet run runoff amount is more likely to be a 
functions Off bothe’ the “slope tandi the) stime “prior sto the 


occurrence of the final rate. 


For between run variations, Fig. 5-12 shows the 


relationship between RUNOFD and RUNOFW at different slope 
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angles. Generally runoff increases from dry to wet run. 
The presented significance of the best fitting equations are 
‘reasonably high, but clustering, Particularly in the case 
with slopes at 109, affects the Légression results. . In 
these cases, the significance of the equations are 


considerably reduced. 





Runoff rating curves are available for Samples which 
produce a measurable amount of CLUROLEG= an "other Mwords 
Samples with relatively low infiltration rates. Generally 
these curves approach the classical shapes described above. 
With higher runoff rates during wet EuUnS, the final runoff 
devel for the dry run is usually attained at the 10-minute 
mark during the wet run. Some typical examples are shown in. 


ShGe sma BSle 


BighMerunott@eise Teqictercdamstorethe prairie samples 
Cheat ares orehad@been cul tivated) “rn many cases, the amount 
is greater than 50 percent of the available rainfall. The 
classical curve shape is complicated by “antlexion’*points 
usually in the middle of the dry run (Figs. S=1ca, o~ gop 
This feature is likely to be related to surface detention of 
runoff water observed during the experiment. For some runs, 
the approximate time of occurrence of surface detention was 
recorded and noted in the diagrams. In each instance, 


initiation of surface water detention corresponds to the 
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occurrence of the inflexion points in the infiltration 
curves. The first development of a surface detention system 
contributes to a rapid increase in runoff but once the 


System stabilizes, the rate of increase is retarded. 


The origin of surface detention development is 
POss tn yaelelatedmm: OmmDOth@erapids transport of detached 
particles by wash and splash towards slope bases and 
Similarly rapid compaction of surface soil layers by 
raindrop impact (Section =5.9).. Incidentally, this 
development also explains why in the WAASHD-WAASHW plots, 
this group of sample tends to show a different distribution 
pattern. The absence of a linear relationship between 
RUNOFD and RUNCFW values of this groups of soils can then be 


accounted for. 


High runoff is also recorded for samples tested ata 
Bes Opes (Pigs.so-413¢,) 5-15d).. "Generally two patterns were 
ODS Vel mec CSte group eyie Gc aaesimilar curve vas tound) an 
the prairie samples. The rapid increase in runoff in the 
f£ltst 10—gtoels minutes,) however,;amay not be associated with 
sUbpACe Watecpydectentioneepltiias possiblésthate the: rapidsrise 
in runoff rate is associated with saturation of the top few 
surface cm of soil but no quantitative data is available to 
testenthis hypothesis, Theoretically, however, such a cause 
cannot be distinguished from surface water detention because 
ponding cannot take place until the surface layer is 


Saturated. 
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The second group shows the absence of any inflexion 
point until the final infiltration rate is reached (EGS ano= 
13e, 5-13f). This group tends to associate with high dry 


PUNSEUNOEE. sine cutotft rater = approximately 180 ml/min. 


Low runoff rates are observed for most 109° Slope 
Samples, possibly because these are the relatively non- 
erodible rough pasture soils. Insufficient data are 


available to develop a definite pattern. 


5.5 Aggregation 


SG oR! Aggregation and Soil Erod 


0s ame at ee GD > SP SS Se ee 2 SS es ED OD SS oe GES Sw eS 


It has been frequently reported in the literature 
that size and stability of aggregates are related to the 
resistance of the soil to erosion. Stable aggregates work . 
in two ways to reduce erosion : (a) they resist Poesy 
by raindrop impact and (b) they maintain a relatively high 


rate of infiltration and thus reduce the amount of runoff. 


Various aggregation indices were developed since the 
1930's. However, a distinction should be made between those 
indices that were developed for application in crop~yield 
studies and those developed to index soil erodibility. &® 
Although the indices tested in relation to crop yields 
(Schaller & Stockinger 1953, DeBoodt et al 1961, Conaway 6& 


ears ee ce ee 





6 It should be noted that other erodibility indices had been 
developed which are based on various combinations of soil 
properties (Bryan 1968b). 
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Strickling 19:62) are MWOt wedirectiy gyrelevant to soil 
erodibility, this related literature is useful in showing 


the relationship among the various indices, 


Subsequent testing by correlating these indices with 
Laboratory Simulated soil loss have shown the superiority of 
Some measure of percentage-weight water stable aggregates or 
WSA (Woodburn & Kochayn 1956, Adams et al 1958, Yamamoto 6& 
mderson.) 1972)\e althougheeduniversallyrapplicabletindex, if 
any, is yet to be developed (Bryan 1968b). But it has not 
been clarified which measure of WSA is best related to soil 
Ceodthitity. Stheatollowinge discussione iseran Pattempts to 


consider this problem from a rational point of view. 


Basically each of these measures relates to one of 

the parameters in the aggregation size distribution curve.? 
“Mean Weight Diameter' (Yan Baval 1950) is the mean of the 
distribution. ‘Geometric Mean Diameter' (Mazurak 1950) is 
the mean of the distribution under log transformation. 
Percentage=weight WSA greater than a given size is part of 
the area under the distribution curve and Percentage-weight 
WSA in between two threshold values is also part of the area 
under the curve, 19e different soils have Similar 
distribution curves, i.e. the curves have similar shape, 
these measures should all be perfectly correlated among 
themselves. From this point of view there is no a priori 


? This discussion assumes a consistent method of measuring 
aggregate size. It 1S recognized that different wetting 
methods lead to entirely different results. 
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reason to suggest any one of these measures to be more 


accurate, 


However, in nature different Samples have different 
aggregate size distribution curve Shapes. Even for the same 
sample, the shape of the curve depends on the upper limit of 
aggregate size chosen. Thus, for soils with a larger number 
of Finer aggregates, a lower threshold value (e.g.>0.5 mm) 
gives a better range of data and therefore could become a 
more significant measure. Geometric Mean Diameter will also 
be more significant than Mean Weight Diameter because it 
gives more weight to the finer aggregates. For the sane 
Samples, the upper limit of aggregate size chosen probably 
does not significantly affect the range of data reported. 
The fact that the smaller threshold values seem to be more 
Significant in many instances (e.g. Yamamoto 6& Anderson ~ 
1973, Bryan 1974) may perhaps be explained by the method of 
wetting used. In these cases, the rapid immersion method 
used is reported to cause great disruption due to "miniature 
explosionst of the aggregates because the entrapped aabe SUS) 
under great pressure when water is drawn into the aggregate 
DbyY=Capillary forces “(Emerson (§ Grundy 1954). ThYVS can 
therefore produce an abundance of fine aggregates in the 


Standard wet sieving technique (Yoder 1oS6) 


Dee 2 Best Aggregation Index 
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Six indices were computed for the PLEeSenty Ssthudy. 
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They include : Percentage-Weight WSA > 2.83 mm (PWSAG3), 
Percentage-Weight WSA > 2 mm (PWSAG2), Percentage-Weight 
WSA > 7 mm (PHSAG1), Percentage-Weight WSA > 0.5 mm 
(PWSAGH), Mean Weight Diameter (MWD), and Geometric Mean 
Diameter (GMD). The upper cutoff value of 4 mm was used in 
order to make data comparable to samples used for simulated 
rainfall estudy. AS expected, these indices are highly 


intercorrelated (Table 5-6). 


In order to select one single aggregation index for 
further study, the six indices were correlated with three 
Soil loss méasures : TOTALD, TOTALW, and TOTALT for three 
Slope test conditions (Table 5-7). Transformed data were 
used because all six distributions are right-skewed. The 
four WSA indices have a root-normal distribution whilst MWD 
has a dog=normal distribution. These GMDee index — is esti lh 
right-skewed when log transformed. Use of the double-log 
transformation (McConnell 1966) produced a normal 


ai steepubion. 


Generally negative correlations are observed. They 
are significant at the 5 percent level. Other than three 
exceptions (PWSAG3 for slopes at 30°) there is a general 
increase in ‘rt values from large to smail WSA threshold 
values. The GMD index has higher 'r' values than the MWD. 
This suggests the dominance of fine aggregates. It can also 
be observed that variations in 'r' values among TOTALD, 


TOTALW, and TOTALT are small. 
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Overall, PWSAGH and GMD have the highest 'r* values. 
Since PWSAGH is easier to obtain and since it has been used 
for a similar study in Alberta (Bryan 1974), it was taken to 
be the most useful index of aggregate size in the present 
Spun. In view of the fact that they are highly correlated, 
use of either one probably would not make any difference in 


subsequent data analysis. 


aes Aggregation Data 


Subdivision of PWSAGH by physiographic zone, landuse 
types, and soil horizon is presented in Table 5-8. The mean 
and standard deviation of each category are also shown. ibke 
is apparent from this table that foothill soils are the best 
aggregated, followed by mountain and then prairie soils. A 
comparison of soils under grass in the three physiographic | 
zones gives a similar ranking although this may be less 
convincing because sample sizes are small in the mountain 
and the prairies. The tendency for C horizon Samples to be 
much less aggregated is also indicated. The*=*fact =that 
B horizon samples are generally better aggregated is 
probably related to higher sampling intensities in the 
'disturbed' sites. Also field observations show that ‘A' 
horizons are usually thin even on gentle slopes, 
particularly in the Stimson and Pekisko Creek area. This 
may be the resuit of past overgrazing leading to eroded vat 


horizons or in some areas the result of past clearing, 
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leaving behind remnant Brown Wooded soils with thin A 
hoprzons. The development of strong subangular blocky 
structures in the B horizons may also contribute to better 


aggregation in these horizons. 


For landuse effects, barren sites show poor 
aggregation, obviously because of loss in organic matter. 
In the foothills zone, parkland type of vegetation cover 
exists in small areas and these are classified as forest 
landuse. These samples show better aggregation than 
grassland soils but the results are not conclusive. Lack of 
a Suitable sampling design precluded vigorous statistical 
Lecc tn meOrmmethicumaitcorence. It is probable that under 
Virgin conditions the foothills grassland soils would be 
much better aggregated than the forest ‘Bt horizon soils in 
the mountains but present data only show that they are 


marginally better aggregated. 


By far the most significant effect of landuse is the 
reduction in soil aggregation due to cultivation. A rough 
Comparison of the 'A* horizon soils in the Prairies shows a 
reduction of over 50 percent aggregation. Most likely 
reduction in aggregation is the result of the lowering of 
soil organic content as cultivation exposes the surface 


horizons to erosion. 


= 6 SOij_ Organic Content 
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relationship between soil organic content and eroda biliary 
(2Poelemml 2s bpeecalcts (962; 88rvan 1969). The main influence 
of organic matter content, however, appears to lie in its 
relationship to soil aggregation. Asam Brownings. (1937) 
observed, application of organic matter results in an 
increase in infiltration capacity, a decrease in the ease of 
dispersion of soil particles, and an increase in the number 
of large-sized aggregates, resulting in reduced erodapiilaty. 
Meeuwig (1970) reported a possible adverse effect of eelegin 
organic content on erodibility of sand-sized particles, 
This effect may be related to soil properties of water- 


repellency. 


Datagecollectedweintethis tstudys sare “summarized “in 
Table 5-9. Onlyeeorgani:c. carbons content eS reported. 
Overallyeetoothill! ssoilsy show the highest organic carbon 
content, followed by the prairie and mountain soils. The 
average ‘At horizon grassland soil in the foothills has an 
organic carbon content almost two times that of a gcrassland 
soil in the prairies and well over two times the organic 
CaLbonugcontent tofelagicultivated prairies soil); The one 
mountain A horizon soil is located close to a 'peaty' area. 
such areas are found in various parts of the Cataract Creek 


Basin but not enough is known to ascertain their origin. 


Down profile decrease in organic carbon content is 
well illustrated by the collected data. The much higher 


organic carbon content of grassland soils compared to forest 
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soils even in the B horizons is also suggested. This would 
imply that forest soil aggregates are more related to high 
clay content rather than high organic content. Reduction in 
organic carbon content due to cultivation in the prairies is 
not as great as would be expected possibly because of 


maintenance of fertility through chemical fertilization. 


Relationship of organic carbon content to soil loss 
variables are shown in fables S=a0. Square=-root 
transformation was used to normalize the distribution of 
ondganicagcontent. Significant negative correlations (at 5 
percent level) are established for all cases except for 
SPASHW at slopes of 30°. Bryan (1974) observed that organic 
Garnon econtcntyg?s unrelatedseto total soil loss. Since his 
Samples are mostly from the Alberta prairie areas, 
cultivated soils are grouped for this study and similar 
correlation coefficients computed (Table 5-10). The result 
MoeCOUsi Seon tewithathesstinding of Bryan (1974) . Whilst 
Bryan invoked the failure to distinguish colloidal humus and 
coarser vegetal fragments in the analytical technique 
employed, the technique adopted in this study (Section 
4.7.2) tends to minimize such an error source.® The present 
analysis result is interpreted as either (a) an indication 
of a possible lack of correlation of prairie samples due to 
the small range of organic carbon content studied, or (b) an 
iidication Mofge thesmrelatives insignificant contri pution of 


8 Most coarse vegetal fragments were removed before the 
sample was ground to pass through the 0.5 mm sieve. 
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organic carbon content to aggregation for the prairie 


Samples. This will be further discussed in Section 5.8. 


5A 781 Significance of Textural Separates 


Apart from the fact that fine sand fractions tend to 
be more detachable by rain-splash (Ekern 1950, Mazurak §& 
Mosher 1968, hae tame eet homme n Gl uencamno £ primary 
particles on erosion is not fully understood. This problen 
is perhaps developed from difficulties in eSOlating) particle 
size variables and the fact that under field conditions, 
soils do not exist in their primary particle constituents 


except for the very coarse fractions. 


If soils are aggregated, the finer fractions 
(e.g. > 10m) contribute to the binding of the coarser ones, 
and therefore the relationship between soil loss and clay 
content 1S an indirect one. In the unaggregated case 
(mainly sand), fine sand is most detachable but coarse sand 
(e.g. > 2 mm) is likely to be more resistant and coarser 
particles may also have a protective effect on the 
underlying material. Thus, although a direct relationship 
between soil loss and sand content may be expected, 


linearity in the relationship cannot be taken for granted. 


The above discussion assumes that organic content is 
held constant. However, it has been reported that for the 


Same soil, both organic content and clay content may vary 
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with aggregate size (Garcy 1954, Khan 1957). The smaller 
aggregates (e.g. < 0.5 mm) tend to contain a larger amount 
Ofmucliay Sand organic matter than the larger ones do. Thus 
the detailed interactions between colloidal clay and organic 
matter in aggregate formation and stabilization (Allison 
1973) can be extremely complex and would require many 
laboratory experiments to unravel. Existing knowledge in 
this field is reviewed by Harris et al (1966), Allison 
(1968) and Baver et al (1972). 


So Tle Me Texture Data 


All texture data are plotted in Fig. 5-14 according 
to physiographic zone. Most samples belong to the loamy 
category but mountain soils are more sandy and foothill 
soils are generally more clayey. Such a pattern is also 
Srowieine ables) 5-11°¢ 5-12 where sand and clay fractions 
are tabulated according to physiographic zone, landuse, and 
soil horizon. The general textural classes of these soils 
may well be associated with their respective parent 
Materials. Many mountain soils are residual in nature and 
soil profiles are usually not as well developed as in the 
plains. Foothilis and to a large extent prairie soils are 
developed from glacial, lacustrine, and glacio-fluvial 
deposits. Since those parent materials vary greatly in 
their textural composition, any observed difference between 
textures of prairie and foothill soils cannot be explained 


in terms of differences in parent material. An examination 
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of the individual data points indicate that the high clay 
content of foothill soils is in fact due to the presence of 
@ number of samples from Spruce Ranching Section. These 
Samples are developed from clay-rich tills and lacustrine 


deposits in this area. 


Differentiation by horizon shows generally more sandy 
JBsRhorazons while ‘ct horizons can be very variable. A 
number of C horizon samples from barren sites in the 
mountains show extremely high sand content for bedrock is 
very close to the surface. Sampled forested B horizons do 
not show clay enrichment. This concurs with a general lack 
of good Bt horizon cSv.eloumentemeaccordings eto, eticeld 
observations. Differentiation by landuse does not show any 


distinct pattern. 


Reidzwonship obeclayeandisandsfEractions#tossoil doss 
are shown in Table 5-10. Their significance varies with the 
group of soils tested, and erosion process (splash or wash 
erosion) under consideration. Thisoewilds be itfiurther 


discusseduinsSection 5.9. 


In aggregation analysis the amount of sand > 0.5 mn 
in the sample is determined for the sand-correction 
procedure described in Section 4.7.2. This provides data 
for an additional texture variable that covers the coarse 


sand range (0.5 to 4 mm). 
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Haver (1925), in) his classical study, reported the 
reciprocal ameliorating effect of organic matter and 
colloidal clay towards soil aggregation. Har Cis eee twa) | 
(1966), reviewed many subsequent studies and indicated 
abundant conflicting evidence. Since both clay and organic 
Gontent infiluencessoit erodibility’ viassoileaggreqation, Van 
attempt is made here to evaluate their relative 
contributions in promoting and maintaining aggregation on 


BiCubadotomOusstatieticalmganalysis results. 


For the samples analysed in this study, sand fraction 
tends to be more significantly related to aggregate size 
than clay content but both are significant at the 1. percent 
sevel=(Tablee5-13) >> The general®relationship established is 
as expected esandyeeSOlt= SAleeeessociated@uns thempoos 
aggregation and the reverse is true for clayey soils. The 
fact that sandy soils are more significant may be explained 
by a higher sensitivity of the variable due to a wider range 
OCtmdataaeOnlveclays contenteic: furthers considercdwainerthis 


section. 


Table 5-14 shows the interrelationship of these 
variables considered at three test slope categories. Clay 


content is Significantly related to PWSAGH for samples 
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tested at 910° and 309 but ‘not organic content. ROL G9 
Slopes, organic carbon content is significant but not clay 
content. Thisselatterseresult points to a possible 
differentiation of this interrelationship by landuse because 
the) 39 ‘slope, group is known to be an heterogeneous sample 
(Section 5.3.1) and 53 percent of the samples are cultivated 


Sols: 


Classification of all samples according to landuse 
(Tabbepeo-14)se showseethat, iclaye «content| is significantly 
correlated with PWSAGH for grassland and forest soils, but 
not for soils fron barren and cultivated sites. For organic 
carbon content, it is significantly related to cultivated 
and grassland soils but not forest soils. Of special note 
Usomeethe ) cact jthat jonganic ~scarbon. «content -is negatively 


correlated with PWSAGH for grassland soils (Fig. 5-15). 


Without detailed experimental studies, it is Very 
difficult to explain why the interrelationships among clay 
content, organic content, and aggregation should be as 
d2scribed above. It is hypothesized that the significance 
of organic carbon content varies with total organic content. 
For high organic content, increase in organic content has 
minimal effects on aggregation. This is shown by the 
negative relationship between PWSAGH and organic carbon 
GONGC) CmeanO We eaguasshandmsomicsandstheasplottimgsin Figs 95=15. 
iesLevernse srelatitonship occurs gat about s/.bepercentmorganic 


carbon content. When organic content is low, its effect is 
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very variable, as shown by the relatively larger variability 
of PWSAGH at these organic carbon content levels in Fig. 5- 
‘15. The most significant effect would therefore be expected 
in the middle range of organic content. This is the case 


with prairie cultivated soils (Table 5-14). 


DOgetucthersaclarveyesthese, sinterrelationships, «all 
samples are grouped with respect to organic content. By 
this grouping, correlation between clay content and 
aggregate size is shown to increase to a level when organic 
content is around 7 to 8 percent (Table 5-16). The highest 
Palevaluceobtainedmise0. S3awhich isssiqniticant. at ithe, .0.1 
percent level. Beyond this threshold range, the influence 
Ofsclay drops again. | On the,other hand, grouping by clay 
content does not reveal any appreciable change in the 


relationship between organic carbon content and aggregation 


(Table 5-16). 


These results indicate that for the samples analysed, 
the part played by organic content in promoting and 
Maintaining aggregation varies with the level of organic 
content. The contribution of clay content, on the other 
hand, also depends on organic content, the highest 
Significant relationship being within the middle range of 
organic content. This result agrees with suggestions made 
by Allison (1973) and Hartmann & DeBoodt (1974). It is also 


borne out by a study of regional aggregation data (Kemper & 


Koch 1965) in which organic matter and clay content are the 
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two most important variables explaining the variations in 


aggregation, organic matter being the more Significant. 


529 Relation between Soil Loss Variables and Soil 


That several distinct processes : (a) raindrop 
Sp lash (0D) aaCenivacneewaN wash, (c) concentrated wash, and 
(J) a mixed erosion in which entrainment is by raindrop 
splash and transport is by wash, are involved in water 
erosion (Lattanzi et al. 1974, Bryan 1974), is not as widely 
appreciated as it should be. In the laboratory simulation 
Situation, processes (a), (b), and (d) are more significant. 
BEOCCoscum (amet s Ol. tricult’tomisolate because of its mixed= 
mode nature. The following section attempts to highlight 
some aspects of erosion by raindrop splash and . 
unconcentrated wash on the basis of statistical analysis 
results. Variations due to soil moisture status (dry and 
WovusrUN@eGONdiItions) =awhlleweabsoe be» indicated, The basic 
problem with such interpretations is that seraietid reaver of 
relationships can easily be affected by the range in soil 
types studied. However, when individual soil types are 
considered, sample size becomes much smaller and spurious 
correlations more probable. Also, the range of any given 
soil property may become too small to reveal significant 


relationships. 


Correlation coefficients for soil properties versus 
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soil loss variables divided into three slope categories are 
shown in Table 5-10. Similar correlation matrices for three 
soil types : mountain-forest B horizon, foothill-grassland A 
horizon, and prairies-cultivated Ap horizon were also 


computed. 


With the exception of prairie cultivated soils, there 
is only very limited reduction in correlation between 
percentage-weight WSA > 0.5 mn (AGG) and soil loss 
parameters from dry to wet runs (Table 5-10). This suggests 
that dispersion of aggregates is not significant for most 
soils. This result agrees with general laboratory 
observation. It is therefore logical to expect little 
differentiation in ‘'r' values between wash and splash loss 
against AGG. The actual 'r' shows slightly higher values 
for splash loss in a few cases suaqgesting that dispersed 
aggregates are preferentially transported by wash erosion 
but the overall difference is very small. For cultivated 
SOulspetcnenecuisS a SiQniticant ceduction in "rn" values from 
dry fOUewet |run, indicating significant dispersion of 
aggregates. For samples tested at 10°, AGG is not related 
to runoff both in the dry and wet runs, generally reflecting 


the high infiltration rates of these samples. 


Thatapsands Lractiongeisemnore) telatedstossplashathan 
wash loss is expected (Table 5-10). Such a relationship 
does not seem to vary from dry to wet run. Bier ake 


SigiiticaltecOmotes that, Lor cultivated (soils, sand is 
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negatively correlated with soil loss variables although the 


coefficients are not significant at the 5 percent level. 


Generally, clay is slightly more related to splash 
loss than wash loss. For grassland A horizon soils tested 
at 30° slope, however, the reverse is true, and clay is then 


more related to wash than splash loss. 


BOrmscultavatedsesOll= meclayenCOmtente 1S) positively 
correlated with wash loss (significant at 5 percent level) 
but not splash loss (Table 5-10), showing that increase in 
clay content is associated with increase in soil loss due to 
wash erosion. This is very unusual and the only logical 
explanation is that either the amount of clay is not 
aggregated or if aggregated the aggregates are not water 
stable and therefore are dispersed early in the run. Since 
clay content (1S not Significantly related to AGG (actually 
the relationship is an inverse one, Table 5-13), at least 
peliete Of the clay present in these samples must be 
interpreted as unaggregated. The low degree of water 
stability of these aggregates (Table 5-8) suggests very 
rapid dispersion under raindrop action. Thus the higher the 
clay content, the more rapid is the reduction in 
infiltration, the development of surface water detention, 
dndethe higher the rate. of runoff. This is “also shown by 


the good correlation between clay content and runoff. 


For these cultivated samples, if surface detention 


did not occur, splash loss should also be related to clay 
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content. But since surface water detention is present in 
these cases, the amount of splash loss is at least partially 
governed by the thickness of wateree@layer  which® dsogalso 
variable through time. Thus splash loss is not related to 


clay content. 


Organi cecontent s(0CC)is more §significantly, telated 
to wash than splash loss for ail three slope categories. 
However, such a relationship is not apparent for A horizon 
GEasslandesoitsetested@ats10° ands 30° 7(Table 5=10) 4) Ineview 
of the non-linear relationship established between AGG and 
DECM (Eig. o715)), such) low correlations are “expected, But 
this still does not explain why OCC is more related to wash 
than splash loss. Necessarily for samples tested at 309, 
higher 'r' values for wash are related to the presence of 15 
samples from barren sites. These soils contain different 
BM OUnESHO GEClLayebutwale sinVariably of slow Organic» ‘content, 
and therefore generate a relatively large amount of runoff 
and hence wash loss under the test conditions. Within the 
same group the grassland A horizon soils have high organic 
content, but the aggregates managed to resist dispersion and 
maintain a high level of infiltration. huss cunot Ls. 
limited and hence little wash erosion occurs. The presence 
of these samples produced a large range in OCC and therefore 
more significant correlation despite the reversal of trend 
ing the Predationshi poe foer high organichcontentiie For splash 
loss, presence of a larger proportion of coarse sand (0.5 - 


4{ mm) protects the less resistant particles underneath. 
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(Note the negative relationship between coarse sand and soil 
loss variables) Splash loss is therefore less Significantly 
related to OGCE | The same can be said of the group of 
Samples tested at 10° but in this case the effect is much 
less pronounced because only one sample from barren soils is 


involved. 


For cultivated soils, presence of organic matter 
TeducesesosmlOsccmbUt=i1 tei scemnOtee sl gqniticantlyerrelatede to 
soil loss variables because aggregates affected by organic 


content are easily dispersed under raindrop impact. 


5-10 Bulk Density 


Under identical degrees of compaction and structural 
conditions, bulk density (BD) should be a strict function of 
texture. For disturbed samples in the laboratory situation, 
this same relationship should be observable so that BD is 
only another way of expressing texture. The objective of 
testing for BD, therefore, is rather to provide a measure of 
the degree of departure of the laboratory test condition 
from the field tae tones Some additional data on change in 
BD and moisture from the dry to wet runs are also collected 


in the laboratory. 


BD is Significantly related to sand and clay content 


(at 0.1 percent) but it is much more strongly related to OCC 


9 Obviously bulk density is not the onlv possible measure of 
this departure. 
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(Tabte;5=13)- The latter relationship is explained by the 
association of well-aggregated samples to high organic 
content (“ab Des positively COELelatedawi tne practical ly anal. 
soil loss parameters (Table 5-10). That it is generally 
more related to wash than splash loss is reasonable because 
a change in bulk density directly affects infiltration rates 


which influences wash more than splash loss. 


Three samples were selected for test of changes in BD 
and moisture content. They represent three major soil types 
eMOUNntaIn=fOrest sebeshorizon. (CNOS), fLoothill<grassland Ah 
horizon (TC35), and prairies cultivated Ap horizon (WAQ4). 
ATT these samples were tested at the 30° slope. The 
Meporiforyeerocedure is identical to all other samples 
except that after each run samples in the soil pan are 
tested for BD and moisture content. A small aluninun 
container of about 50 cc in volume is gently pressed into 
BiemoOLMmeUInt nivel t oeDOtLLOnmicetluShswith athesso1) | surface. 
Then the entire container is dug out and excess soil pared 
GCotavuthemaaesharpesknities The core is then oven-dried 
overnight at 105°C. The weight of sample and loss in weight 


gives the BD and moisture content respectively. 


The results of these tests are shown in Table 5-17. 
Compaction of the sample by raindrop action is illustrated 
in CNO8 and WAO4Y. But for TC35, the grassland soil, density 
remains unchanged. This demonstrates the fact that for 


well-aggregated soils, resistance to compaction is strong. 
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BD for the first two soil types probably comes fairly close 
to field conditions in the wet runs but this is not true for 


the well-aggregated sample. 


POmedd ECnreeetypesea1ike,ethe=ssolle) 1 cee practically 
Saturated at the end of the first run. The moisture content 
remained unchanged Peet omeet iii eee Ne Between=-sample 


variations are obviously related to texture differences. 


5-11 Summary 


It is evident from the presented soil loss data that 
there is a high degree of internal consistency in the data 
for between run variations, which also suggest good control 
for between. sample variations. Tee Variations in surface 
particle size distributions can be avoided, the Edmonton- 
PactohimmelatNtdad leesimu babore cans =proquce™ results that) are 


highly ceproducible. 


Examination of these data also indicates that whilst 
splash erosion is dominant, samples of high erodibility tend 
BOs bavesehigher Mwash “loss proportion. This points to the 
possibility ot a domination of wash erosion for soils of 
Sul lisenighner Serodibilitics. This was found in Bryan's 
(1975) data which has a mean erodibility much higher than 
that of the present sample. As a corollory, if the tests 
were carried out at slope lengths longer than the present 
ees) ely wash erosion will also become much more 
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the wet run is primarily a result of increase in wash loss. 


The development of surface detention appears vital 
for the explanation of variations in soil erodibility. The 
data suggest that dispersion of aggregates, choking of pore 
spaces by dispersed particles, and compaction by raindrop 
impact, all contribute to reduction in infiltration or 
increase in runoff and therefore total loss. TC See On 
known what proportion of the increase in splash can be 
relegated to the presence of a thin water layer. For the 
erodible samples from the prairies, this effect cannot be 
separated from development of an erosion pavement due to 
removal of the more detachable particles in the dry run. It 
appears Plate t ice ti ccteOlmmtncmm thin ewater slayer as 


relatively small. 


The study of soil properties reveals the significance 
Cec bomeLe  ationshi ps sore texture, »organic content, “and 
aggregation to soil loss, and their inter-relations. The 
EaCcatiat Organic content. is "more significant “than clay. 
content in promoting and maintaining aggregation is well 
borne out by the data. The implication is that use of the 
land, including both cultivation and grazing in the area, 
must lead to reduction in both organic content and aggregate 
Stavpi lity. aS eee Se We demonstrated by the poor 
aggregation of samples from cultivated sites. For these 
samples, presence of clay has an adverse effect because 


under dispersed conditions, the clay particles very quickly 
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CLOGeeLiemmcx SLingempores;meleading to rapid ‘runoff and 


erosion. 
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The main purpose of this chapter is to present the 
statistical analysis results of all available laboratory 
data, and, in Particular, =eto» show! othe: quantitative 
relationships among soil loss variables and factors 
affecting soil loss. According to the experimental design, 
these evaluations were organised to consider in turn the 
effects of soil properties, slope, and cover density. These 


Seem ECSCULOUm NeocecCtlOnseo.5 tOn0.5. 


SUN CCMMONGCMOLMUCHeE@ObgeCtivessctethisestudy.sissto test 
Pieecppincabidatyeon laboratory datavetoe fieldy conditions, 
development OPePawetavoLlatoryeapredvctriony «models ism also 
cCOusideredminethisechapter..eThisiis treated sin’ ,;detail’ in 


Section 6.6. 


OD eb Os Soe ee SS OS OS ow OS GE EO SS ES ED SD ED SP OS eS EP ES oe Ste ae 


Developed equations have been reviewed in Section 
2.7. It suffices to be emphasized here that a dichotomy 
exists in the approaches to the development of these 
equations, Leopold et al- (1964), called this the ‘*rational' 
versus the tengineering! approach, whilst Amorocho §& Hart 


(1964) referred to them as ‘physical hydrology! and the 
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‘parametric and stochastic hydrology' approach. Krumbein §& 
Graybill (1965) suggest the equivalent of this distinction 
is between analytical and empirical methods of analysis. 
But in practice, as pointed out by Amorocho & Hart (1964), 
the two approaches have often been used in various 


combinations. 


In this study, the empirical method is pursued to 
develop quantitative relationships among the variables 
studied. HOweVer, = thisewilPtsutfice!oniy if’a descriptive 
model is sought. To develop a predictive equation there are 
several facets of the model that must be examined. This is 


outlined by Draper & Smith (1966). 


Basically, -the established relationships must be 
checked against known theory. The important point is that 
these relationships should be capable of being interpreted 
physically. Secondly, the estimated parameters in the 
equation should be stable both in time and space, otherwise 
dummy variables have to be introduced to account for spatial 
anGmcenmpoLa baVariations..s Lastly, any systematic lackvot fit 
of available data to the proposed data should be accounted 
LOD. Implementation of the model certainly requires 


adequate testing OL ats applicability. 


Owe vot bablese Under study 


Under the controlled conditions in the laboratory, 


rainfall intensity and duration are held constant. Thus 
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only three other ‘independent! factors are studied : soil 
Character, slope, and cover characteristics. Other external 
factors such as physiographic zone, landuse, and soil 


horizon are investigated separately in Section 6.2. 


Of all the soil properties measured, percentage- 
weight WSA > 0.5 mm (AGG), organic carbon content (OCC), 
Clay content (CLAY), sand content (SAND), and percent coarse 
sand 0.5 = 4 mm (CRSD) are considered. The amount of runoff 
as an index of infiltration rate (RUNOFD, RUNOFW, RUNOFT) is 
also studied. ©Silt content and laboratory bulk density are 
thought to be too closely related to other variables to be 
considered independent and are therefore excluded from the 


statistical analysis. 


POG@mLNCums |ODCumGaCtOLr,. Only slope angle (SLOPr) is 
included. Slope length is held constant in the study. The 
cover factor is measured by percent bare ground (COVER). 
This is a measure of cover density as simulated by use of a 


plastic foam board. (Section,4.6.4). 


For the three runs 3: dry, wet, and wet with cover 
density simulation, splash loss was separated from wash 
loss. Also total loss for the dry and wet runs can be 
computed. Thus there are a total of twelve possible soil 
loss variables. These are shown in Table 5-2. Transformed 


variables are used for all analyses presented. 


Statistical analyses in the present study were 
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computed by package program *SPSS available as a public file 


imethesiBNe3s60/67.computer at the University of Alberta. 


Genias Analysis Method_and Procedure 


Both \eleye field and simulated conditions, many 
mutually interacting variables are involved in soil erosion. 
Thus to explain the Variations in soil loss requires the 
application of multivariate analysis techniques. In this 
respect multiple regression analysis is a commonly 
acceptable technique because by the use of transformations, 
many complex mathematical relationships can be approximated 
by the linear model, and certainly the solutions chosen by 
this technique are such that the relationships between the 
dependent and each of the independent variables are weighed 
against the inter-relationships among the independent 


variables. 


For the application of this model, however, a number 
of basic assumptions have to be met (Draper & Smith 1966, 
Knentas i971). in brick = 
(a) For the multiple linear regression model 
NG aD Geta Dace et ak 2a tus ci oleae ot ByXn + & 
€ is a normally distributed random variable with mean zero 


es ee mee wee ree cere ee: 


1 Too often geographers are carried away by the elegance of 
a given statistical technique so that the basic assumptions 
are forgotten, and thus use becomes abuse and the analysis 








results erroneous. Only very recently were these 
assumptions and other associated problems given the 
necessary emphasis in the geographical literature. See 


Boohe 5.0 tRarrell.(1971).,. and Hauser (1974), 
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eECeVatiance G- ve Cisang ©) dre= "uncorrelated, = 91, 4° 4 and 
necessarily independent. 

(dD) The relationships between ‘'Y' and each of the 
independent variables 'X;* are linear in the parameters of 
the specific functional form chosen. 

(cy In order to apply Snedecor's 'F' and student 't' tests 
for significance estimation, the variables are necessarily 


normally distributed. 


(d) The independent variables, Xx, 


ko are linearly 


independent of each other, that is absence of 


multicollinearity. 


To satisfy these assumptions, each variable is 
Suitably transformed to approximate the normal distribution 
(Appendix 5-2). To avoid the effect Ot serious 
multicollinearity, correlation matrices were checked. only 
independent variables which have ‘r' values of less than 0.7 
are accepted.2 Linearity of relationship was examined 
Simply by plotting each independent variable with the 
dependent. Finally to test the validity of the assumptions 
concerning the error term 'e', residual plots are examined 
to ensure the absence of regular patterns in these plots as 


outlined in Draper & Smith (1966 Chapter 3). 


For the evaluation of quantitative relationships, the 
tirea yy factors 9) soll’ =character,; slope; - and™= cover “are 
considered. Three test slopes were used in the dry and wet 


ee are cee es ee eee ee cee et ee a Se re a ees me 


2 The level of acceptance is arbitrarily fixed. 
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runs. Thus) fon) each) slope category, only soil character 
VaG GSwe itet his Caseathcusigqnificance of the tvarious soil 


variables can be evaluated for each slope category. 


Independent evaluation of the effect of slope is not 
available in this study. But since the effect of soil 
Character is known from the above-mentioned analysis, the 
contribution of slope can be studied when all data are used 


as one group. 


In the third run, cover density was simulated. The 
effect of cover density can then be evaluated. Further, if 
it can be assumed that the general test conditions of the 
second and-third runs are similar, as was found in a 
comparable study (Bryan 1974), it may be possible to isolate 
the effect of cover density by computing a soil loss ratio 


between the second and the third run. 


For development of a predictive model, overall 
significant variables representing the three basic factors 
are selected. The established relationships were then 
checked against existing theory to ensure the general 


applicability of the model, 


6.2 Variables External to the Multiple Reqression Model 


2 ake Gs SOS SP GES TED UE BED ESD EE ED ES CD SS SD OS Oe Ee Ge OS 0 OS GD oS ee xD GED Ee Ee 6S a 15D TOS? eS Se Le OD wD 


Total loss for the dry and wet run is used to index 
SOLL) erodibility: This variable is subdivided by slope, 


landuse, and physiographic zone and the data are presented 
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in Fig. 6-1 and Table 6-1. Since the effect of Slope has 
not been studied, comparson of soil loss variables is only 


valid when slopes are identical. 


The most obvious result is the high loss for prairie 
Samples followed by mountain samples. The foothills samples 
have the lowest loss. Soil loss variability also increases 
in the same direction. EPOTem@StLOpeseatec l,m prairicesoits 
(which are mostly cultivated) are about ten times more 
erodible than foothill soils (which are nostly grassland 
soils) under identical test conditions (Table 6-1). The 
erodibility of mountain soils lie somewhere in between these 


two extremes. 


Classification by landuse reaffirmed the very high 
Croc uoL uit yaOLmeCWli iva ted soils. The relatively high 
erodibility of forested soils are also shown. Barren soils 
HaVGsVvVery Variable “erodibility; probably related to the 


erodibility of their parent materials. 


FOr Slopes Ceo eect en= folds edi rrerencemsin 
erodibility between samples under grassland and cultivation 
probably reflects more closely the influence of cultivation 
ON@eSO1 eerodibvlitya(Figq.86=1)). 3a For slopes, at 110° Sethe two 
Cultivated S01lSetested ® Shows fan “ercdibility Sup. tor fifty 


twiesuetiaue, Oleegrasslandeesoils! Vfroneathet foothills. eThis 


3 The one sample WM10 shown in Table 6-1 under grass for 
prairie soils tested at 3° slope is not representative of 
virgin prairie conditions. The area was heavily grazed. and 
much of the virgin top soil was removed. 
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appears to be a more realistic representation of differences 
in erodibility due to regional differentiation (mainly 


climate) plus the effect of cultivation. 


63 Effect of Soil Properties 


= op ee Ge ere ee Se re © SS SS oe oS a 


The basic data* (Appendix 5-1) were subdivided into 
ci bcemmeoroupsSmeacCGolding mtopesltopes andi multiples reqression 
equations were computed using nine soil loss variables as 
dependent and other soil property variables as independent 
variables. Transformed data (Table 6-2) were used for all 
regression analysis. The 5% significance level was used as 
the cutoff point for accepting variables in the regression 
sets. The resulting 27 regression equations are tabulated 


in Table 6-3. 


Aggregation, organic content, and runoff are the most 
Significant variables while clay ois significant fOr the 30° 
group and coarse sand for the 3° group. For all the cases 
studied, aggregation appears to be the best single predictor 


of soil loss. This result agrees with all previous findings 


SeuGocr ethenifirstpetwo outsot the 153usamplesatestedsainethe 
rainfall simulator, wash loss was not effectively separated 
from splash loss and runoff amounts were not recorded. 





These two samples were not further studied. Of the 
Eenainindal 531) setsalot avaidable«datay 3isetsixccos;<ccouy 
CNO5) have extremely high sand and coarse sand content. In 


fact, these are the samples from highly eroded sites in 
Cataract Creek Basin, where most of the top ‘soil't has’ been 
eroded but aggregation was found to be incompatably high. 
It is thought that the weathered sandstone fractions were 
broken down when dispered and therefore give very 
unrealistic results. 
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and is consistent with the mechanics of erosion. A measure 
of aggregation obviously include the two basic soil 
GWabacteristicsessintiltrationtcapacity “and | resistance ito 


dispersion. 


As was discussed in Section 5.8, the influence of 
organic content and clay content are basically interpreted 
as through that of soil aggregation. Since the aggregation 
index selected cannot possibly represent every Single 
influence aggregation has on soil loss (in this case the 
index only measures Percentage-Weight WSA > 0.5 mm and 
stable aggregates resistant to dispersion under ‘flood! 
wetting), it would be logical to expect that both organic 
content ana Clayer content pare also significant variables. 
The fact that the influence of clay is more dependent on 
organic content than vice versa (Section 5.8) is also borne 
out by the analysis. An interpretation suggested by 
laboratory observation is that with small amount of organic 
content, aggregates cemented by clay minerals are not as 
resistant as that due to organic content with small amounts 
of clay present. When both organic and clay contents are 
high, organic content tends to be better correlated with 
soil loss, implying a stronger influence on aggregation. 
Statistically, organic content is more significant because 
its relationship with aggregation is a non-linear one 


(Fig. 5-15). 


The eintinrence =o runott asi an andey of infiltration 
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characteristically varies from wash to splash loss (Table 6- 
3). Wash loss is in fact very highly correlated with runoff 
{Table 5-10) because there is a marked distinction between 
the erodibility of samples with and those without runoff 
undergthe laboratory testeconditions. On “the other hand, 
Ont Veewnelmeint2)ltrateonerate isovery low, i.e. significant 
amount of runoff, (as found in cases with slope equal to 
30°) will splash loss become affected. The influence of 
coarse sand is difficult to assess because most soils tested 
Havcm OWeCcoOarscmsand content. — the fact that 1t 1s found to 
be more significant in the 30° slope cases is because the 
prairie soils usually have very low coarse sand content 
(<5%) and therefore when put into the same group with other 
soils of slightly higher coarse sand content but much lower 
erodibility, the protective effect of coarse sand becomes 
apparent. From a priori reasoning, it would be expected 
that sand should be more significant for splash loss than 
Wasi #loOss Je tihisthypothesis is only partivally” substantiated 


in the cases when slope is equal to 3°, 


Differences between Significance of variables in the 
wet and dry runs are only observed in the cases when. slope 
is equal to 30° (Table 6-3). It has been established that 
dispersion of aggregates and selective erosion of particles 
of some samples in the 30° group have taken place in the wet 
run (Section 5.9), and therefore some changes in ui 
significance of variables are expected. By the same token, 


a Similar shift should be expected for soils in the 30 group 
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but this is not observed. One possible reason is that the 
CEoupeeOne Cultivated aasoils © within © this category have 
aggregates that are so unstable that most are dispersed in 
the early part of the dry run and therefore the shift is 


only manifest within the run but not between. 


The total amount of variation of simulated soil loss 
explained by the selected variables also vary considerably 
(Table 6-3). The 3° group generally show higher percentages 
Band Ung ae LLOmeea bOuUtLeNC > MetOmrsSalpercent. The amount of 
Vatilavion iseslightly lower imethe “10° and 30° cases; with«a 
larger range in the 10° group. This is probably related to 


the larger range of soil types tested at slopes of 39, 


The. most outstanding variation between wash and 
splash loss is a decrease in amount of explained variation 
(R2) in the splash loss from dry to wet run but where slight 
increase dam wash LOSSeOCCULS Mm lan leno=3)). Phise is 
characteristic of all three groups although it is less so 
for the 10° group. For the same runs, wash loss is better 
explained than splash loss. The inclusion of the runoff 
variable (which from another point of view can be considered 
a process variable for wash erosion) probably ing eects why 
wash loss is better explained. The increase in R2 values 
fromaethe@odry Stofethe Gwet trun  §rs"taeretore likely stoshbe 
related to an increased accuracy in estimating infiltration 
rate, which more than compensated for any changes in the 


other soil variables affecting erosion. On the other hand, 
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Withee the@eabsencemyor ~a 9 Similar process variable, slight 
Changes in the soil character can drastically reduce the 
percentage of variation explained. Small changes are 
indicated in the 10° slope case (reduction from 0.68 to 
0.61) and greater changes are suggested for the 3° and 309 


slope cases. 


Under this experimental design, soil properties are 
the only independent variables considered. However, at best 
these variables in combination only explain 80 to 85 percent 
of total variation in soil loss, even if soil variables not 
Significant at the Jeppcrcent, Slevel Sarre included: The 
Gono.) mee mepercent mOLeESO Of the |etotal variation are 
ascribed to experimental error that includes variability in 
rainfall EN DULOCoCctt ond. 6.35) | varlability ain surface 
paberecleecizesdistribution (Section 5.41), modification of 
soil properties during test, and various sources of 
measurement errors associated with both the independent, and 


the dependent variables. 


As might be expected, a similar relative significance 
of the soil properties variables is found in the other 
regression equations with slope or cover density, or both, 
Imecorporated ssinto the list of independent variables 
{Tables 6-5, Sar) es But in these cases, the partial 
regression coefficients of the soil variables become 


considerably smaller. 
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6.4 ERfect of Slope 


BelOrcmmeticmeceroCctfOLeclopescan bel studied, the fora 


of the slope function has to be investigated. In the 
literature, tangent slope is most commonly used, 
particularly in agricultural research (Zingg 1940, 
Wischmeier & Smith 1962). Other functional forms used 


include sin 6, (Schumm 1956, Young 1972), sin ® cos 8, 
(Schumm et al 1970, DePloey 1972), and tan @6/sin®’36 (Horton 
1945). These functions, together with their log transforms 


are considered in the present study. 


Sixth order partial correlation coefficients between 
three soil loss variables : total wash, total splash, and 
total loss and eight possible functional forms of slope were 
computed (Table 6-4). For ail three soil loss variables, 
the differences among slope functions are small.S It thus 
appears that the choice of any one out of the nine makes 
very tase difference. However, there is a great 
difference between their significance with respect to splash 
losssandawash, loss.9-The effect of slope is: very .strong, on 
wash loss but for splash loss the coefficient approaches 
zero, suggesting no relation at all. This will be further 


discussed below. 


For the present purpose, tan 8 is chosen as the slope 


5 This is the expected result because the difference among 
these functional forms for slope angles less than 30° is 
small for the three given slope angles. 
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function for further analysis because it has been very 
widely used, thus making comparison of results easier, and 
because it is marginally better correlated with total wash 


and total loss than other slope functions examined.® 


Using the nine soil loss variables available for the 
dry and wet run as dependent variables and the soil 
Variables plus tangent of slope angle as independent 
variables, multiple regression equations were computed 
(Table 6-5). The procedure used is exactly the same as that 
described in Section 6.3. Additional equations using 
log(tan @) as the independent variable were also computed. 


These equations are also tabulated in Table 6-5. 


The general behaviour of the soil variables are much 
the Same. aS described in Section 6.3. diline eh GES) ah 
S onvevcantavariable £0r alilewash loss cases but not in all 
splash loss cases. Because splash loss constitutes 
genetallyveasgqreater proportion) of total loss, tan 6 is also 
TOteeotgn Et icantemin =the.) total) loss cases... (Use of a Log 
transformation does not change the established 


relationships. 


Whilst the relationship between wash loss and slope 
is expected, the relationship between splash loss and slope 
is not. In order to explain this totally unexpected result, 


the following leads were pursued : 


<> ct -oon 





ome rare oat snes ome 


6 sin6cos® appeared to be a better choice from a theoretical 
point of view. This will be considered in Section 6.6.3. 
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{a) linearity of relationships ; 

(b) existing theory and empirical tests of the relationships 
between slope and soil Loss: 

(c) grouping effects ; 

(d) masking effect of soil variables ; and 


(e) an alternative explanation. 


(a) Since a slight nonlinear element exists (after 
transformation) for some of the soil variables (Figs. 6-2 to 
6-7), it was suspected that there was an under-estimation of 
soil loss for 5 samples with the lowest total loss, perhaps 
aoeaceececuUlLt@pOLeeraintal le veriability. Therefore, three 
additional regression equations were computed with these 
five data sets eliminated (Table 6-5, Equations 6.5.11 - 
6.5.13). However, apart from the introduction of one or two 
more variables into the regression set selected at the same 
Significance level and some slight increase in explained 
variation of the dependent variable, these equations show 
that the differential effects of slope on wash and splash 
loss are not related to possible measurement errors 


involving these five samples. 


(b) For wash loss, although the hydraulics of over- 
land flow are still not fully known, enough knowledge has 
been accumulated to indicate that both the velocity of flow 
and surface erosion have a positive relationship with slope 
angle (Emmett 1970, Kilinc & Richardson 1973). However, for 


wery short ‘slopes (30.5 °cm°-in the present ~-study), the 
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exponents involved should be much smaller although the 


general relationships would be expected to apply. 


Rowlison & Martin (1971) examined the theory for 
splash loss (both detachment and transport) and indicated 
athens splash erosion is related to slope in a functional forn 
that is close to sinOcosO. By this relationship the amount 
of erosion due to raindrop splash would be maximum when 
Slopepevsend5?. Thus, a positive relationship of slope and 


soil loss is expected within the range 0 to 30°. 


Laboratory work by Shvebs (1968) and Mosley (1973) 
both examined this relationship. Shvebs reported that total 
splash loss (S) is a positive linear function of slope (6) : 

SIO i) 
EOGeeslope ot ~ 0° to 11°. “Mosley presented a scatter diagram 
which roughly shows the following relationship : 
Saee. Ot 0 3G) 
between total splash loss in grams and slope angle in 
degrees, The range of slope examined was 09 to 259, In 


both cases, a 10 cm wide plot was used. 


(c) To check for grouping effects, only samples fron 
non-cultivated sites were considered. Three multiple 
regression equations were computed (Equations oe Soy oe 

6.5.17, Table 6-5) but they -show results similar to the 


PUESstetiree. (fquations 16.5.7 = 6.5.9)% 


(d) Possible masking effect of soil variables is 
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shown by the removal of the 22 cultivated samples from the 
data set. The regression equation computed from the 
remaining data sets (Equation 5.5.18, Table 6-5) shows a 
very weak relationship between slope and total loss and 
therefore it is unlikely that masking effect is a sufficient 


explanation. 


(€) Existing theory does net stipulate the effect of 
the size of plot on splash loss. But it appears likely that 
as the size of the plot decreases, splash loss becomes more 
significant and an increasing proportion of the splashed 
particles are transported directly outside the sample pan. 
on other words, the proportion of splashed particles 
transported by sucface wash decreases at the same time. 
Therefore, comparing results to the work of Shvebs (1968) 
and Mosley (1973) which involved a much smaller plot, it can 
be argued that where significant amounts of runoff took 
place, at least part of the effect of slope on wash loss can 
be interpreted to indicate slope effect on splash loss. A 
direcumcOLoLlLoLyeots thas saLcqument) .is that sass plot psize 


increases, the effect of slope on splash loss decreases. 


A more significant consideration is the theory 
elucidated by Rowlison & Martin (1971) which only considers 
the downslope component as transported soil since under 
laboratory test conditions, splashed particles were 
collected on ali sides of the sample pan. It is not known 


how much effect this difference will have on the slope- 





ahey/ 


splash= loss" relationship but it appears that the tendency is 


a dampening of this relationship. 


Thus, whilst Soi detachability by splash 
theoretically decreases with slope angle under the 
laboratory test conditions, soil transportability by splash 
only slightly increases with slope angle, probably much less 
than the 1.0 power of sin@ as suggested by theory. Hence, 
the overall possible relationship between splash loss and 
Slope is either a weak positive one or there may be no 
relationship at all or total splash loss remains 
essentially the same when slope is increased, except when at 


very high slope angles. 


Within the framework of the present experimental 
design, it is impossible to totally verify the above 
postulates. But such an interpretation of the analysis 
results is tentatively adopted. An independent test of the 


effect of slope is required. 


6.5 Effect of Cover 


ERS ee Soe ae SEES ED EN GID EOD ome 


Previous studies have all suggested that the 
functional relationships between soil loss and percentage 
bare ground are either an exponential curve or a power 
function (Osborn 1954b, Meeuwig 1965, 1970). Since there is 
obvious reason to believe an equal amount of increase in 
COver tO, be more significant ih reducing runoff and soil 


loss in the poorer cover range, the log transformation of 
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the variable percentage bare ground was adopted. Later 
regression studies do show that use of this transformation 


eliminates curvilinear trends in the residual plots. 


If it can be assumed that the general relationships 
ong soil loss variables between the second and the third 
run do not change appreciably, as was suggested by previous 
studies (Bryan 1968b, 71974), the relationship between 
percentage bare ground and the ratio TV/TW may be an 
independent assessment of the effect of cover on soil loss. 
However when TV/TW is plotted against log of percent bare 
ground (Fig. 6-8) it was found that the amount of scatter is 
different from one cover percentage to another. For 5 
percent bare ground, the scatter is very large, which may be 
attributed to variations in the amount of modification of 
soil surface characteristics from the second to the third 
BUN. eennoOtherewaysOL presenting whusewdatat iss to eplot TV 
against TW for different percentages of bare ground (Fig. 6- 
9). The fit is generally good for percentage bare ground of 
15 percent and 45 percent but is poor for 5 percent. Logis 
interesting to note that the slope of the three curves 
decreases from 1.29 at 5 percent bare to €.86 at 45 percent 
bare, suggesting that at about 36.5 percent bare, the slope 


Gea hypothetical cttrve 1s 91.0 or IV = IW ? 


Por comparative purposes, the basic data (Appendix 5- 
1) ais subdivided into three groups according to slope and 


for each group, three multiple regression equations were 
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computed using wash loss, splash loss, and total loss as the 
dependent variables and soil variables and percentage bare 
ground as independent variables. Again the 5 percent 
Significance level is used as the criterion to accept 
variables into the regression set. These are shown in 


Table 6=6. 


Obviously when sample size is small, fewer soil 
variables can be accepted into the regression set. However, 
the effect of cover is paramount in every one of the nine 
cases studied. The other three significant variables are 
aggregate size, organic carbon content, and clay content. 
Overall, wash loss has low percentage of total variation 
explained, as would have been expected from the relatively 
small amount of wash loss in most cases. Another reason may 
be the absence of a 'runoff' variable. This variable was 
not recorded for the third run because there is no efficient 
way by which actual runoff can be separated from tthrough 
flow! from the plastic foam sheet. The regression 
coefficients also show that the effect of cover is stronger 


in explaining splash loss than wash loss. 


Variations in regression coefficients of cover with 
slope are small, but the coefficient tends to increase with 
slope for wash loss. For splash loss, the coefficient is 
highest at slopes of 109. These suggest a certain amount of 
interaction between slope and cover but the precise pattern 


cannot be ascertained. 
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When all samples are taken as one group (Table 6-7) 
the soil variables become consistently more significant. 
Slope is significant for wash loss and splash loss but for 
Splash loss the sign of the relationship is negative. This 
ites ColcmeOcavothetan) O@and: log (tanie)i Since according to 
laboratory observations some surface water ponding took 
place on cultivated samples, these latter samples were 
removed and a separate group of regression equations 
computed (fable 5>—/7," Equations 6.7.9, 6.7.10). The result 
ELEeVterates What was found) in Section 6.4, that the negative 
relationships between splash loss and slope are more 
apparent than real. Dieteme sami heelact sino) —belationsha p 
between these two variables. The effect of cover shows very 


small difference between wash and splash loss. 


6.6 Soil Loss Prediction 


For predictive purposes, the analysis results cannot 
be applied directly because a descriptive model 1S 
necessarily empirical and accordingly only covariations of 
variables are assessed. But if prediction is the ultimate 
objective, then the model must specify some causal 
relationships (Lowry 1968) among the variables selected. 
This means a search of the correspondence of the empirical 
and the theoretical relationships is required. Also the 


boundary conditions of the relationships should be 


consistent with theory. 
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A suitable combination of independent variables will 
be selected. In most cases, coefficients used have to 
remain empirical because vigorous theory that stipulates 
precise causal relationships is yet to be developed. Only 
ae limited number of cases are there published results 


available for comparison. 


62.6.0) Soil Parameter 


Results of regression analyses show that aggregate 
Size (G) and organic carbon content (C) are consistently the 
most influential soil variables. The only exception is 
BuO CE pee DUte thr See lattermsvartanle 1s only significant for 
wash erosion. For prediction purposes, trunofft is a built- 
in process variable and would otherwise be not available 
unless») the “same tainfall Simulator and the same rainfall 
intensity are used for testing. Thus this latter variable 


is not selected. 


It eehas=falready = sbeen “said -“that *“the influence of 
organic content on soil loss is exerted through aggregate 
size so that the inclusion of organic content seems to be 
unnecessary. However, the stability of aggregates finer 
than 0.5 mm iS not measured by the variable AGG and it 
appears that the stability of these finer aggregates are 
closely related to organic content. Thus the significance 
of the two variables : aggregate size and organic content 


may be interpreted as relating to the stability of the 
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coarser and finer aggregates, respectively. The combined 
effect of these two variables may be considered a measure of 


soil erodibility. 


The use of square root transformations for both 
variables is purely empirical. It is simply one way to 
approximate linear functions rather than to imply any 
physical meaning although under some specified conditions, 
the effects of aggregation and organic content can diminish 
With an increase in their respective values. With the 
collection of more data, it may be possible to eliminate 
these transformations. The implied relationship according 
to analyses results is : 


2 Xe fc 
ceca. (x9 Je + c) 


} (Gae1) 

where 'Eiz' is total soil loss, 'G' is percentage-weight WSA 
PeOe Senn, 'Gfais) organic Carbone content,) and\e<gq sandecc 
empirical coefficients. This is a negative expotential 
EBUnGt Tou meu neont G's Oupercent, "ES sis) a) Large “positive 
DUUDer wero enetGlet se O0epercent, ‘Ei stakes a Small positive 


value. The same applies to 'C'. These boundary conditions 


are consistent with field and laboratory erosion conditions. 


SS qs SS So OP De SS ES oe eS ae 


In the present case, the effec: of cover appears 
rather simple, Since it) is expected that increase in cover 
effects diminishes towards higher cover densities, the 


proposed relationship between soil loss and cover takes the 
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form of a power function : 
Xk 
Ei cx K (6.2) 
where 'K*' expresses cover as percent of bare ground and Gx 
is an empirical coefficient. No comparable quantitative 
relationships have been published but available literature 
(Osborn 1954b, Meeuwig 1970) shows curves that approximate 
quadratic functions. This possible form of relationship 


cannot be evaluated because only three cover densities were 


studied. 


According to the proposed relationship, Fr= 0 when 
Ke=F0. Under field conditions, a very small amount of loss 
(#E ) is possible even when cover is complete (i.e. K = 0) 
putesincesine thes laboratory sittiation 'k,;* should be zero if 
Kea ec rest NCeinepractice: =B 1S probably very small, it 
TSece LveathateAy se may be ignored and the proposed 


relationship is adequate for the present purpose. 


G26. slope Parameter 


Scope Sse O54 32 CES ERD TED ED we wee Se 


PRG LCELECtR OL eeSVope  onesoll loss *wasefound “to Vary 
from splash loss to wash loss. The analysis result on 
splash loss is probably not applicable to field conditions? 
But for the purpose of developing a laboratory prediction 
equation, this result has to be entertained since it is 


realistic and is explicable in terms of erosional processes 


? An alternative model with splash loss correlation is 
discussed in iséction 6.6.5. 
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involved (Section 6.4). 


in view of the varying effects of slope on splash and 
wash loss, two separate relationships are proposed. HOG 
wash loss, | 

Ez, O< (tan 0) 
where '6' is slope angle in degrees and “s an empirical 
constant. This is a power function suggesting that when 
SlODCR- m0 geet neres! Seno. Soll loss and when '8" is large, Fé 
is a large positive number. These boundary conditions are 
Valtduewithinesthe = Slopes range —0" "to 9 30°. However for 
extrapolation to slope angles greater than 209, the upper 
boundary condition is not valid. Horton (1945) has proposed 
a modification of the sin cos function : 
Epccesin07tan® 350 

as a suitable form of functional relationship between soil 
loss and slope. The sin@cos@e function will be used for 


later discussions of an alternative model. 


Fou. splash, loss, it is assumed that under the 
laboratory test conditions, the amount of splash loss does 


not vary with slope. Thus, the slope function becomes : 


Be O< Wp (tan 6) * + (1 = Hp) or 
BE, Oc Wp (can™S @ = 1) + 1 (6. 3) 
when "Wp! see thes proporc2o0on Foot "Wash to, total loss sto 


predict EW trae a regression equation was computed using 
slope, aggregate size and organic content as the independent 


variables (Appendix 6-1). The form of the prediction 
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where Go, “s', %gq!, %c! are empirical constants. 


6.6.4 The Laboratory Prediction Equation 


So oy eee a oD Oo Gee Gee Se Gee ude ere Fe SD 6D ES ee Gee SE Ee ES =2ow =e 


Since the effects of the soil, slope, and cover 
Vauuablesmeaccemmultiplicative, »Equativons 5.1, 5.2, and 5.3 


Can be combined to give : 


oe AG Grae [ wp 


Cee) Ce 


- Xe fc ) 
or Bee x Ket rmce 4 e+ be iig (tan ‘0 - 1) + 1] 


where ole Co tan%s ayy ea (<9 Ve x Scale and is an 


empirical constant. 


The choice of suitable coefficients for the two soil 
Vora b las eelommcltticulte) because these "icoetficients are 
necessarily applicable to a limited range prescribed by a 
specific set of experimental conditions. For the sake of 
Simplicity, a value of 0.2 is arbitrarily selected for both 

g and c. This value is well within the range found in the 


various descriptive equations. 


For cover density, an exponent of 0.925 is selected 
since no comparable values of this exponent are published. 
Again this value is within the range given by Equations 
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For tangent slope, previous field studies suggest an 
exponent of 1.4 (Zingg 1940). Under the laboratory test 
conditions, slope length is very short and therefore a value 
Ofee0.95enas Eqiven approximatelyeby Equations 6.5.1, 6.5.4, 
and 6.5.7 appears in the right order of magnitude. Neal 
(1937) found an exponent of ©.7 in a laboratory experiment 
using a slope length of 3.7 m. It appears that the design 
of the Edmonton=pattern simulator tends to produce results 


that slightly overestimate the effect of slope. 


BOueuCeda Cra Ongolg' iol, e0G proportion of wash to 
total loss, Equation 6.6 (Appendix 6-1) is used although the 
coefficients are rounded Of: to facilitate simpler 


computation. | 


There are no independent laboratory data available to 
test the validity of this prediction model. To illustrate 
the consistency of the presented arguments, this equation 
was applied to the set of 97 runs where cover density had 
been Simulated (Eig ienot sO) es. The result is generally 
agreeable and about 80 percent of the soil loss variation is 


explained by this equation. 


To investigate the existence of any systematic lack 
of fit of the proposed equation to data, a residual plot of 
PEeLedmada tae inert s 6-10 1Se presented, in #9 F1g.).6=7 15 There 
is a general tendency for the variance of the residuals to 
decrease from small to large predicted values of soil loss. 


Apart from possibly minor violations of normality 
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assumptions, the most probable cause of this lack of fit is 
the relatively small number of samples at the higher 
erodibility levels. Many of these samples are from the 
cultivated sites and they show higher consistency of 
relationship between soil loss and soil properties variables 
such as aggregate size and organic carbon content (Fig. 6-2 


Since it is known that the proportion of splash loss 

downslope (Sp) varies with the sine of slope angle : 
Spe ss 0. D+ sine? (Eekern 1950) 

for Oto. 30) degrees’ slope, it is possible to introduce this 
correction to the available splash loss data. Admittedly 
there asenocasy way by Which” the =sigqnificance of “such a 
COrrecvioOn = Canoe Cvaliated, but it is considered that ones 
corrected set of data and the alternative prediction model 
developed probably approximates more closely rainfall 


SeOosPTOneuUnaceLre t2etla conditions. 


Accordingly, the new multiple regression equations 
WeLlew Computed using corrected splash loss forsdry run and 
wet run total splash loss as dependent variables, and the 
same soil properties and sin®cos@ as independent variables. 
The results are presented in Table 6-8 (Equations 6.8.1 - 
Ppioky oe In comparison with the uncorrected data, the 


computed regression coefficients for AGG, OCC, and CRSD are 
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very Se De COMME Uae TON Se Os. 2, 0.565, mand 6.5.8 in 
Table 6-5. With correction, slope becomes a significant 
variable at the 5 percent level. Between run variations in 
the exponent for sin8cos6 is relatively small, and as 
expected, there is a slight increase in the amount of 
explained variation in the dependent variables with the 


inclusion of one extra variable in the regression sets. 


To investigate the effect of this correction on total 
soil loss, three other regression equations were computed 
(Equations 6.8.4 - 6.8.6). The same independent variables 
were included and dry run total loss, wet run total loss, 
and total loss are used as dependent variables. The result 
tseecimilareyto |they last three equations. Slope becomes.a 
Significant variable with the exponent of ‘sinOcosO varying 
GLONRO. SZ) COe0sc5. pAn alternative set.using tanO instead-of 
sinOcosO as independent variable shows the exponent of tano 
PomVvVALyeLCONBO.2I8 TOs) sazu (Table,~6-8)., Thissrange.of values 
suggests the much greater reduction in the significance of 
slope in comparison with the result of Nealts (1937) 
experiments. The effect of a very short slope is very 
strongly felt and the dominance of splash over wash loss for 


Many solls is also a contributory factor to this reduction. 


With the establishment of a new slope function ; 
Ec C< (sin@cose)”< 
where Osc is an empirical constant, the prediction equation 


(Equation 6.5) can be written as : 
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EO ee x on OG1G +h Ie), (sin 9:cos ayes 6.7) 
where E, is corrected soil loss and Ag = 0.33. #£x2This 


results in a much simplified model and one that is probably 
more applicable to the field situation. This latter 
assertion will be tested against collected field data in the 


next chapter. 


6.7 Summary 


Aggregate size (WSA > 0.5 mm) was found to be the 
Despeeoi no lLom predictoresole simulated) | soil) loss. Other 
Significant factors “include organic carbon content, runoff 
(infiltration), and texture. The dominance of aggregation 
over’ texture in affecting the erodibility of most soils can 
be adequately predicted by a combination of AGG and OCC. 
The physical interpretation adopted was that these two 
variables index the erodibility of the coarser and finer 


aggregates respectively. 


Slope was found to be significantly related to wash 
loss but not splash loss. Two factors were presented to 
explain the lack of relationship between splash loss and 
slope : (a) the proportion of splashed particles collected 
outside the sample pan varies with the size of the pan; (b) 
existing theory that stipulates a relationship between 
splash loss and slope only considers particles transported 


downslope but laboratory experiments COLLECT splashed 
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particles in all directions. 


A correction was therefore attempted by adopting the 
derivations of Ekern (1950) that the proportion of splashed 
particles varies directly with the sine of the slope. With 
correction, total loss was found to be significantly related 
to slope. The exponent of this relationship varies from 


OeeeetOn0.3 5. 


Very Sionviicanc results were found for the 
relationship between cover density and soil loss. The 


exponent of the established relationship is 0.925. 


Deductive reasoning tends to suggest the following 
string of factors ordered according to their relative 
significance : 

RAUN PALL COVER ee sLOPES>sSOLL. 
Results of this study indicate in many cases a reversal of 
the order between slope and soil. It is uncertain, however, 
whether such a reversal is applicable to field situations 


where wash erosion may be much more significant. 


By evaluating the relationships between soil loss and 
factors affecting soil loss and making appropriate 
theoretical justifications, a laboratory prediction model 
with five variables : cover density, Percentage=Weight HSA > 
0.5 mm, organic carbon content, tangent slope, and wash 


proportion, was developed. 


Using the slope correction mentioned above, an 
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alternative model with four variables : cover density, 
Percentage=Weight WSA > 0.5 mm, organic carbon content, and 
Sine=-cosine of slope is presented. This model is more 


Simplified and is thought to be more applicable to field 


Situations. 












© 
- os 
a, 
7 
i > 
: 
rc 


Vd 2aaad Terao. G asfeeser sHO2, aaa 


a) 
' 


bes ,Jootweo ollie ARE Se .ee Pd 6 eee 


cei Swoon BART Petar arg es santa: > ta ——- 
-Piei? of (unm Tens easee ad of tends a Gue vm Be 





CHAPTER_SEVEN 


FIELD MEASUREMENT OF SOIL EROSION 


SS SS GS Se Fe es re OE ED es ee Se es Oe Se Oe SS ee Se ES 


Teel Introduction 


This chapter is a review of all items of field data 
collected during the two field seasons of 1973 and 1974. 
These items, including soil loss, rainfall, cover density, 
soil moisture, soil bulk density and other related soil 
properties, are presented in Section 7.2. In Section 7.3 is 
shown alli analysis results pertaining to these field data. 
Two temporal scales for these data, i.e., period and season, 
are considered. Both spatial and temporal variability of 
the analysis results are also examined. The soil loss data 
provide the basis for testing of the laboratory model 


developed in Section 6.6. 


Tae Erosion ©PVvots 


> OD OU? OD aoe OD ED ED SED 


Thirty erosion plots of the design described in 
Sect lOnmi.2 Were unsta vled ing the wtalliores 197 2. sone 
details pertaining to these plots are presented in Table 7- 
43 Because of commitments to field mapping and _ soil 
sampling in the 1973 field season, these plots were only 


serviced for 1 to 3 times during this season. 


Interim results from 1973 data indicate that in 


forested areas where natural vegetation is undisturbed, the 
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amount of measurable soil loss is rather small. Also there 
are a few sites where cattle or other animal disturbance is 
PECOuesCVeresefores practical maintenance of the plots. 
Therefore only 16 plots were maintained during the field 
season of 1974, Sampling dates were mainly determined by 
the occurrence of rainfall events: the dates usually fall in 
between storms and are spaced three to five weeks between 
each other during this latter season. However, because of 

various limitations (cattle and other animal disturbance; 
vandalism), only 68 sets of data (plot-periods) for 1974 and 
PeasceceSLEORMisemarenconsi dered ivalid@atore the ‘statistical 


analysis to be presented in this chapter. 


he lae Data Fvaluation 


Se er Gea ewer as ES aS TS GS OP SD 


Soons (1971) has outlined some of the potential 
sources of error in a field study of this nature and most of 
them apply to the present investigation. There was little 
experimental control over the intensity and rate of 
operation of the erosional processes that took place over 
the plot areas, so just exactly what processes were involved 
can only be inferred by analysis and in comparison with 
laboratory results. The sealing of the junction between the 
plot and the trough remains a serious problem although 
whenever a poor seal was observed, the data set was 
Gejected 4. fingview, of @ithese (mat fiiculties, “it. should’ be 
emphasized that these collected data are best considered as 


measuring relative rates of erosion. Additional controls 
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are required for extrapolation of data to larger areas. 


7.1.3 Wariables Studied 


<a a? 


In this study, soil loss was determined by weighing 
the collected soil and some small portions of organic 
material for each period of measurement. The amounts are 
corrected for slope as for the laboratory data and are 


expressed in g/m@. 


Only rainfall amounts are used but it is thought that 
rainfall amounts should be somewhat related to rainfall 
intensity over a period of a few weeks in the area.! To 
show this relationship, meteorological data of the station 
at Calgary from 1961 to 1973 were used. Number of hours of 
rainfall exceeding 2.5 mm were plotted against monthly 
Baraca lerocerthe a monthseatay® throughegaAucust) “Fig. 7=1). 
Obviously there are chances that over a period of four weeks 
the number of hours of relatively high intensity rainfall 
may deviate widely from the observed general relationship 
but this probability appears to be relatively small. In 
Pedem7-1,,a.t data points except three Jie within: “a "range 
where the number of hours of rainfall exceeding 2.5 mm can 
be predicted by a given monthly rainfall amount within +£2.5 


hours. 


i fven if rainfall intensity data are available, it is still 
very ditficultyto devise ani intensity index!) that, applies 
#0, period’ data" since for each period, more than one 
rainfall event occurred. 
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Perhaps because of insufficient data, variations in 
this general relationship are not shown from one month to 
another but according to Longley (1972), rainfall intensity 


Should be the highest in July. 


When two-months data (i.e. May + June and 
July + August) were used, there is a greater tendency for 
larger deviations from this relationship to occur for larger 
rainfall amounts (Fig. 7-1), suggesting that over a _ period 
of about nine weeks or longer such a relationship becomes 
Pathoreins! (Ni tican vw htets mm thought (that @these rainfall 
amount-intensity relationships are probably applicable to 
PNemeCOOcnNi ts | and) iplaans “areas “(although the regional 
pattern indicates a generally lower intensity in the 
plains), but probably not to the mountain valleys where much 


lower intensities are prevalent (see Section 3.6.3). 


Cover density was measured each time the plots were 
serviced but unlike soil loss and rainfall amount, it cannot 
be accumulated over a period of time. Thus it has to be 
assumed that the cover density over a period varies linearly 
and therefore the average of two measurements can be used to 
describe the density during the entire period defined by 
these two measurements. The final measurements were 


expressed as percentages of bare ground. 


Other variables used include a number of soil 


properties analysed Tee che elLabora cory. These are : 
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percentage-weight WSA > 0.5 mm, percent sand, percent clay, 
Douden tor ganlCcumCacrbOn, sand . percent coarse sand, 0.5 to 


4{ mm. Field bulk density in g/cm? is also considered. 


Tes @ Description of Data 


Us Pie Soil-Loss 


All available sets of soil loss data are tabulated in 
Table 7-2 & 7-3. Because of differences in the length of 
snow=-free period, there is a general tendency for the number 
of periods of measurement to decrease from the prairies to 
the mountains. This is clearly seen in the 1974 _ period 


data. 


As would be expected, there are large spatial and 
temporal variations in the measured amount of loss. For the 
1974 period data, temporal variation appears to be greater, 
especially for the prairie sites. As will be seen later 
thiseis closely related to actual occurrence of rainfall 
events although variations in cover density, particularly 
early in the season, may also have some influence. In 1974, 
soil loss ranges from a maximum of 48.4 g/m? for #W6 in 
Period 1 to a minimum-of 0.5 g/m2 for #T3 in Period 3 and 4. 
The maximum recorded, however, is 167.4 g/m2 for #T4 from 


Dini veet OmOCtO DCI Mano 75. 


Total® seasons Soll» loss) (Table J-d1)avaries: from 3)=, § 
4 


g/m2 for fully forested sites in the mountains, to 1: 21 


g/m2 for the foothill sites unaffected by partial clipping 
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Spatial variability, on the other hand, seems to be 
tess pronounced=especially in®the foothills zone. This may 
emma dite Betteccromregvonaleepatternse of soll ecrodibiiaty. 
HOWVEVCT,meVanlabilityouanongueindi vidual “sites is large, 
probably Sastea result of differences in cover density and 


rainfall. 


7.2.2 Rainfall 


Despite the establishment of raingauges and rain- 
coplectovopeinaspractically eal’ plot @sites, (except "in those 
forested areas where measurement of rainfall can be an 
extremely involved problem (Geiger 1965)), there are some 
cases where gaps occur in the data either because of gauge 
disturbance or because the data are suspect. In these 
cases, readings from close-by meteorological stations are 
used to estimate the missing values or rectify suspected 
readings. However, where such stations do not exist, such 
aoe Won Perivod 1, 1974, noteaintall data are ‘available 


atieall. 


One associated problem in this area is the proportion 
CreeDreCLUlLdt One Latlingd gases Shows (Section 2.6.2).m Since 
snowfall in the spring or early fall may melt rapidly, there 
is no way by which this proportion can be measured unless 


on-site measurements are made during snowfall. In these 
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cases the proportion at the plot sites is taken to be the 
same as that found in close=by meteorological stations. All 


available rainfall data are tabulated in Table 7-2 & 7-4. 


To illustrate the amount of deviation of rainfall 
pattern during the study period from normal conditions, a 
table was prepared comparing monthly precipitation of 1973 
and 1974 summer to the normal amounts for the stations 
Gleichen, Pekisko, Turner Valley, and Kananaskis (Table 7- 


5). 


The data suggest that 1973 field season was 
relatively dry. Spring was close to normal but summer was 
dry. August rainfall was above normal; a storm on August 2 


in Turner Valley area recorded 56 mm in 24 hours. 


For, 61974 ,08 au wet) Spring» was ecvidentjingall stations. 
Summer was dry but above average precipitation was recorded 
for late summer and early fall for the foothills. This 


possibly applies to the mountain areas too. 


To describe in greater detail the meteorological 
events that took place during this). period, daaly 
precipitation was plotted for selected stations (PAG 290, 
In West Arrowwood Basin “stations ‘“Herronton eikast*, 
'Mossleight, and 'Blackie North'), two major storms : April 
2@oumandie August M@voccunred during) the period=s Storua(Per. 


Comm.) suggested that the April 26 storm was of an intensity 
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that probably has a return period of 20 to 25 years.2 Many 
stations recorded over 75 mm precipitation and the maximun 
‘exceeded 100 mm in 24 hours. A trip was made to this area 
on April 25 and the plots were serviced so that erosion data 
for the first period of the season include the effect of 
this severe storm. This gives some indication of the 
maximum possible rates under the existing conditions. It is 
unfortunate that by April 26 the storm had already started 
and there was no time to service the plots in the other 
basins. The intensity of the August 12 storm is much lower 
and just over 25 mm of rainfall in 24 hrs was recorded at 
Mossleigh. Other storms in the field season were of low 


intensity. 


In the Pekisko and Three Point Creek Basins (Figs. 7= 
20ers Oi 25)), “theres Stal S considerabicvanount’ of spatial 
variability in the occurrence of precipitation. The April 
26 storm was missed and, apart from that, only the August 
11/12 storm is of relatively high intensity. July was very 
dry and for almost four weeks, from mid-July to early 
August, there was no trace of rain at Pekisko. A similar 


Situation occurred at Turner Valley and at Millarville. 
A comparison of the Prairie and Foothills station 


2 The actual short term intensities for this storm at the 
sites are not known. At Lethbridge, about 85 km south of 
West Arrowwood Basin, the recorded maximum intensity for 
Gist Oniew was Th.s hinvhoe thor TS mane, ~ Tyee mm/h tor 
S00 Gita, sand ot. Tmynr £or A how, (kt Vauxhall. 90 km to the 
east, the respective readings were 48.8, Boy and 
oe iM / iil. 



















rest S.croer 22 od SE Re GheeeD aaneet 2 eid 
jae Lac segeerepiaess, se. 2) Vere betgedss) 
4 ‘ov tuts .ehenad BE vibe eot ) 

3 boticepe evev azalq aie Bas cs fisae ae 

; wed: fedeve 049 Wo Bolaes vent oxy zoF a 


. J 
; | Lia aeir 21d “4 aaOee |. SPevee ohae " 


PS inh, O05 ick BOPSs oo, pee wag tina, 


iy is 20 Lived 9 ands od su920% 08 ; 


* i « 


iwuse at oehs O08 ony s20d3 bas 
- te rr mbes? eat sae x 
ti sn3 36:98 270 emt bas 7 
: . ia 424° PURE S0e os nana 30820 tp telengh = 
|  iudteseene | 
wy 3 er 4 -ofoa Mop Set etaker-ede ig 
é in Pty eran in ao bibewern 6 2 waxed? -,f2SaT mt) aa 


g20 29 So" eTsbRoS af) a tsiLidsiney, | 


33 tongs S08 teste. coy See 


‘- “Jie 300 incets 268 ey <0 


cae 6: ' jug te Soats O& Gee engdd 20m 
‘ + as be woe 


GLa ire 26. BOR at asi ia ia ya ber ysyDe Aas. 


getivsk ve sids oe in 


190 


records shows a general correspondence from spring to 
summer. Only in late summer and early fall are higher 
frequencies of relatively more intense rainfall in the 


foothills found. 


The Cataract Creek records are biased because these 
stations are located in highlands and therefore probably do 
not truly reflect the meteorological conditions of the basin 
Grin Qe Gi voepenlvods (Figs ae —20 5 to, d=2h),. However, the 
records show the absence of high intensity events during the 
entire period. For these stations, and likely for lower 
elevation areas in the basin, precipitation during the 
season can be in the form of snow. FOr instance, 
precipitation on August | and 125 "was the) major 
meteorological event of the period and of the total 45 na 
collected on the two days at Hailstone Butte, almost 40 


percent fell as snow. 


ty 67S? CD Cub Se ars OD US CLP ES SS OS 


Only very limited cover density data for the period 
Gfmiscwldy ame Available (Table 7-2 6 7=6))4. Selected, records 
foe 19/74 sare ¢shown ) ten 4Fi9.,4/-3. Field observations 
generally indicate that cover density is poor immediately 
after snowmelt and gradually improves with the onset of the 
warmer season. This observation is reflected in the cover 
density records. The peak bare ground conditions generally 


occur in the April-May period for the prairie sites and in 
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earhyelayetor thewfoothills sites. Cover densities in mid 
and late summer are very variable, perhaps more related to 


variability in the individual site conditions. 


For the purpose of studying a wider range of cover 
density conditions, the better covered sites were clipped of 
part of their vegetation during mid-summer 1974. But the 
resultant variability in density of the July-September 
period is comparable to other sites where surface vegetation 


was undisturbed. 


This problem of seasonal variability in cover density 
appears to have received little attention in 
geomorphological studies of erosion as compared to 
agricultural research. Under the existing field conditions 
snow cover of the previous winter flattens most types of 
herbaceous cover. In the early spring, when melting starts, 
temperatures are too low for growth to take place whilst 
GeasoelomekLuLcCdse by ss clLequentl ye OcCULEUNgG | Sprang» frosts. 
Since moisture is generally not a limiting factor at this 
time of the year, growth will begin with the onset of warmer 
weather. This onset is likely to be earlier in the plains 
than in the foothills though slope and aspect may create 


important local variations. 


Well into the summer, availability of moisture is 
more = irkely*°to be the Limiting Eactor, and growth tends—to 
be more varied in response to rainfall conditions even for 


the same soil type and similar site conditions. 
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Soil moisture samples were collected each time the 
plot sites were visited. But, as with cover density, such 
values cannot be accumulated over a period of time. For 
this reason, no soil moisture variable was used in 
subsequent analysis. All available moisture data are 
presented in Table 7-7, with each value representing a mean 


of five subsamples. 


Because soil moisture is very variable over time, the 
data cannot be used to interpret adequately the general 
seasonal pattern of moisture change in the study area. To 
describe this pattern, a simulation technique developed by 


Thornthwaite and Mather (1957) was employed. 


By this technique, mean daily temperature and amount 
of precipitation were used to simulate soil moisture 
balance.3 Because only a small number of meteorological 
stations in the area have daily temperature readings, the 


moisture content of one plot site in the prairies and three 


2 A Fortran program written by Yoshioka (Stone et al. 1971) 
Was used for the present simulation study. Input data 
include : daily maximun and minimum temperature; daily 
precipitation; mean monthly temperature and latitude of the 
station to compute heat index for the :tation; water holding 
Capacity) On = tnh@ Soll: fraction. «of “available gravitational 
Water eson ss anyendays,thelds for later ,,percelation;:-and soil 
moisture content at the beginning of computation. Since 
water holding capacity and fraction of available 
gravitational water under field conditions are not known, 
these two parameters were manipulated until the simulated 
pattern approximately fits measured soil moisture content. 
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in the foothills were simulated. The meteorological records 
in the Cataract Basin are not considered directly applicable 
cOeethe yy plotisites, jAs the®four selected stations lie 1 to 
5 km from the plot sites, the simulated pattern must be 
treated with considerable caution. They probably only 
indicate general patterns within the period. The simulation 
Beeukt sere plotted ingeriqg 7=2 . alongy with the measured 


moisture content. 


The goodness of fit of observed and simulated 
moisture content is satisfactory except for the readings 
immediately after the August 11/12 storm. It is possible 
that this storm had a particularly variable spatial pattern 
Ope Slineea distribution but the coincidence of the results 
for three out jof the four cases studied suggests that the 
entire batch of soil moisture samples might have been 


aaiected by prolonged ‘storage: prior to analysis. 


In the West Arrowwood Basin, snow-melt occurred in 
early April. Moisture content was reduced to .about 15 
percent = when the April 26 storm occurred (Fig. 7-2c). 
subsequent precipitation fell on increasingly drier soil 
through May and June, so that soil moisture was very low 
during July and August except immediately after storms. The 
AUGUSE S12 sstorm fell’ on very dry soil. The data indicate 
that moisture contents did not rise again until fairly late 


Im Chesseia ls 


Despite differences in the precipitation pattern, the 
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overall moisture content changes within the period is 
Similar for Pekisko Creek and Three Point Creek basins 
(Figs. 7-2d to 7~-2f). The pattern from May to July is 
Similar to that found in West Arrowwood Basin except that 
precipitation tends to be higher for the foothills basins in 
May and gives, therefore, moister soils. The August 11/12 
storm again fell on very dry soil in this area but rainfall 
in late May and September is heavier in these basins and 
therefore soils have a higher moisture content than in py: 


prairies. 


7.2.5 Bulk Density 


Althoughy nov edataees on etenporal,.variations: in, buik 
density are available, it is assumed that the spatial 
component is much greater than the temporal one.*% Bulk 
density is basically a reflection of the amount of pore 
spaces in the soil and it should be closély related to soil 
structure and depth which vary with soil horizon. However, 
different types of landuse can cause differences in 
compaction. The data generally show that except for site 
#W1, the prairie soils have the highest densities, ranging 
from 1.2 to 1.3 g/fc3 (Table 7-8). The well-aggregated soils 
at the foothills sites (namely #P4 & #T3) have the lowest 
values (0.9 to 1.90 g/c3). Site #C4& from the slumping scar 


eee Roe ee ee ee re Ee Te 


Frost heaving is probably the most significant process 
affecting temporal variations in buik density. The 
magnitude of this source of error is not known but all 


samples were taken in late summer to ensure comparability. 
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also has high bulk density value but it is more due to the 


presence of stones in the sample than compaction. 


Since there is no easy way by which soil bulk density 
under = svirgin sconditions at the sample sites can be 
Aerie laboratory data (measured as described in 
Section 3.7.4) was used for this purpose. When this is 
plotted against cee Cava ew OMG LOUDS NOR meSON Gwar eS 
immediately apparent (2G =u) a The prairie sites 
(excluding #1) together with #P2 have relatively low 
densities in the laboratory but high densities in the field. 
This is taken to be an indication of soil compaction mainly 
by animals. The rest of the samples have variable field 
densities, which are very well accounted for by their 
laboratory density values, and are considered non-compacted. 
For the first group of sites, the poorer relationship lends 
Support to the argument that these sites have ianeraare 


= 


varying degrees of compaction. The agreement of this 
division with the known history of the land is generally 
good but it must be understood that a particular ee ina 
generally grazed area can be bypassed by animals because of 


various reasons such as accessibility and therefore could 


remain uncompacted since grazing began. 


However, the graph showing the pattern for non- 
cOmpacved Sisot ls is di tiicult tomntcerpret. . One spossible 
interpretation is that for sandy soils aggregation tends to 


be poor and therefore reduction due to laboratory handling 
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is relatively small for non-compacted soils. For better 
aggregated soils, which have relatively lower field 
densities, breakdown of soil clods produces aggregates that 
have more unit volume pore space, and may explain the 


greater reduction from field to laboratory density. 


Us Bale There OMe Properties 


Ota Digg ncessotherme soils properties sistudied, “soil 
aggregation is probably the most variable with respect to 
time. Most published works indicate that a snow cover over 
the winter is conducive to the development of aggregates 
(Anderson & Wenhardt 1966, Anderson & Bisal 1969) but if 
chinook winds remove the protective snow cover, freeze= 
drying will occur producing disaggregation (Hinman & Bisal 
1968, Anderson & Bisal 1969). During the warm summer 
season, cycles of wetting and drying tend to increase 


aggregation (Sillanpaa & Webber 1961). 


In the present study, sampling cannot be completed 
Within less than two months and invariably some temporal 
variations may affect the data. However, use of period data 
probably eliminates much of the between-period variation in 
aggregation and therefore no attempt was made to measure 


temporal variations of these properties. 


Soil aggregation, along with other soil properties 
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data> ate; i presented) insfable.7=-8. <The generalfpattern of 
spatial variability conforms to larger data sets discussed 
in Chapter 5 but it can be seen that at least some of the 


results tend to reflect local variations in site conditions. 


hes statisticalsAnalysisiof Field sData 


SS SE? FS CS Ss CSS SSNS GSS WED OSD ES Gs LO GEIS ERD TES Gee CES OED ED WEED CSS wees OG Gas Cane USS GES 26s GED Sab aes ore 


All measured variables are used in the multiple 
regression analysis described in this section. These 
dnclude’ soil loss, rainfall amount, percent bare ground, 
percentage=weight WSA > 0.5 mn, percent OLdanic carbon, 
percent sand, percent clay, percent coarse sand (0.5 - 


4 mm), field bulk density, and slope angle. 


Logarithmic transformations of soil loss, percent 
bare ground, and rainfall amount are used. A double-log 
transformation of soil loss was found necessary, probably 
because of the inclusion of much higher soil loss due to the 
Pe lee ome StOLM LOL m9 70) The log sine-cosine slope 


st 


function was adopted. 


Using the same stepwise regression technique as 
CU tires NeeseCuLOn (oi 5 SOL L LOSS BE LSeetakens Combe.) the 
dependent variable and all other variables independent 
variables, entered one at a time. The cutoff significance 
level is set at 5 percent. 


5S For the plot site samples, duplicate subsamples were 
analysed to ensure higher accuracy of data 
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Available data were analysed at two different time 
scales. The 1974 data were collected at intervals of about 
three to five weeks and therefore constitute a set of short- 
term data, to be referred to as plot-period data. The 1973 
data are mostly in intervals of over two months. Instead of 
using two month periods, all data were combined for each 
plot per field season. These, together with combined 1974 


data, constitute the plot-season data set. 


=> 2 EP we GG as ES SF SS UE a OE eS Ee 


For 1974, 68 complete sets of plot-period data are 
available. However, only 62 were used in this analysis 
because Plots #T1 and #T8 are under the influence of a 
forest cover and no adequate data are available to indicate 
the actual amount of rainfall at these sites. Therefore 
these five sets of data were excluded from the statistical 
analysis. Correlation coefficients among the variables used 


MVC oman lysi SealeushoOwnoin Table /=9. 


Among all variables used, rainfall amount and cover 
density are the best related to soil loss. For the soil 
property variables, bulk density and organic carbon content 
appear most significant. Slope angle, however, appears to 
be unrelated to soil loss. It can alse be seen that many 
soil variables are A rarererai Mey (Table 7-9), the highest 
coefficient being -9.70 between bulk density and aggregate 


size. 
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Regression results are shown in Table 7-10. Both 
rainfall amount and percent bare ground are the most 
Significant contributors to the explanation of variations in 
soil loss in all regression equations. Their regression 
coefficients appear to be stable. For soil properties, 
different variables were selected in different equations but 
they achieve similar results. This suggests the inter- 
dependence of the soil variables. The significant ones 
include aggregate SUZe, =OEGanic icarbon content, bulk 
density, and clay content. Slope Hic) noth a Significant 


variable in any equation. 


Because rainfall and cover density are the only two 
independent variables that show both spatial and temporal 
Variations, their dominance in all regression equations are 
expected. The significance of rainfall amount implies that 
the assumption concerning its relationship with rainfall 


intensity is at least partially substantiated. 


FOE Sthe Other Variables, it was assumed that they 
remain unchanged on the temporal scale and therefore have a 
smaller ‘degree of freedom! than the number of plot-period 
data sets suggests. Given the small degree of freedom, it 
would be difficult to sort out the relative significance of 
these variables (because of multi=-collinearity).®& The 
PMNS stucans eidets Similar data-for a larger sample size 


already presented indicates the increase in the degree of 
independence among variables with sample size. 
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analysis results are therefore interpreted to suggest the 
Sune cance, “Ot sethensoi! facton. “That different variables 
are accepted in different equations should be considered a 


result of the small sample size available. 


DicmmetcC te tnatemes lOpeetsenot da Signiticant, factor is 
unexpected. Possibly the lack of relationship is due to the 
masking effect or collinearity with other more significant 
variables. Alternatively Lae rainsplash rather than 
sheetwash is the dominant erosional process, the proportion 
of splashed particles downslope will increase with slope 
angle. Since the outer edge of the trough is located at a 
Buxedy distance jefnom sithe: lip .of «the plot, the amount of 
undercatch will increase with slope angle. However, it is 
thought that jthis effect should be fairly small. This lack 


of relationship will be further discussed in Section 7.3.2. 


Although only about 50 percent of the total variation 
in soil loss is explained, these R2 values (Table 7-10) are 
interpreted as very significant results. It is obvious that 
the amount of unexplained variation should be ascribed to 
(a) measurement errors discussed in Section 7.1.2, and (hb) 
soil moisture content and rainfall intensity, the effects of 
which are known in relative terms but not considered in the 


regression analysis. 


Dheptraditsonalsise off the lok |) wechnigque ~ to study 
treatment effects prohibit any extensive comparison of 


results. Soons (1971) in New Zealand (already reviewed) 
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used a large number of independent variables but the amount 
of explained variation is at best comparable to the amount 


in the present study. 


they Siig Spatial Variability 


Since the plot data were collected from three 
different aiipecera even ic zones, subdivision of the data may. 
throw ig he on possible Spatial®=Valiatcions sine) the 
established relationships. Because too few data from the 
mountain plots are available, only three subgroups are 
studied $ foothadis plows, prairie plots, and 
foothills + prairie plots. The analysis results for the 


1974 data set are presented in Table 7-10. 


For the foothills, the results are similar to those 
Cte cieces tOtLa. esample —(kaqttation 7.10.7). The lack of more 
Significant variables other than rainfall amount and percent 
bare ground suggests the similarity of soils in the prairie 
Peotome(e Guat Ole) of 0.0) see nesinclusroneoL data stOlued Ma jo. 
storm (April 27/28) may also have suppressed the effects of 


the soil variables. 


The results iL Oa the third set OLedatarus 
DPraitie + foothiits plots, show the inclusion of a. very 
Significant slope variable in the regression set. However, 
as the regression coefficient is negative (Equation 7.10.6), 
a decrease in soil loss with increase in slope angle is 


suagested. The partial correlation between slope and soil 
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Tosceea(wath )raintall Gamount;/] percent bare “ground, and 
percentage-weight WSA > 0.5 mm controlled for) is shown in 


Page 7=5% 


It can be seen from this figure that the significance 
58 I2ee> Open varieblecats the result of juxtaposing: wal" qroup 
of prairie samples with a relatively narrow slope range but 
high erodibility together with the foothills samples which. 
have a wider range in slope but relatively low erodibility. 
Since aggregate size is controlled, the figure has to he 
interpreted so as to illustrate that aggregation alone is 
insufficient to explain the variations in erodibility but at 
the same time other soil variables cannot enter the 
a ee Sere vuecausemOt@cod laneanity. SThevanclusion of a 
very intense storm for the prairie samples may also have 
raised the (negative) significance of the slope variable. . 
The fact that slope is not.a significant variable even fin 
the foothills subgroup where a larger slope range was used 


strengthens considerably the arguments presented above. 


Ue ers Temporal Variability 


TS A CAD Gee GED TH ES UP GES es Ro oD 


Because average storm characteristics tend to vary 
from late spring-early summer to mid and late summer in 
Alberta (Reinelt 1970, Longley 1972), subdivision of the 
data pertaining to different periods may show possible 
temporal variabilities in the established relationships. 


Only two periods, late April to mid-June and mid-June to 
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September, 1974, are considered. The multiple regression 
procedure was repeated and resulting regression equations 


‘are shown in Table 7-9. 


These equations show that in the second period, the 
Aiaee of rainfall and the amount of explained variation in 
soil loss are considerably reduced. This is related to the 
absence cf high intensity storms during the second period. 
Compared to the total set of data the regression coefficient 
for the soil variables, percent clay and aggregate size, 
shows slightly higher values, suggesting that some minor 
variations in soil characteristics are not explained when 
the two periods are considered as one. The effects of cover 


and slope are consistent with previous findings. 


ier tt Plot=Season Data 


> CSIC SEES SES SN UD ee Ce 


Ali ‘told, 29 sets of season data for 1973 and 1974 
are available. These, together with total rainfall and mean 
cover density, are presented in Table 7-11. Correlation 
coefficients among the variables used are shown in Table 7= 
12. Among all variables, cover density and bulk density are 
the most significantly related to soil loss. ALI, other 


variables, including rainfall, are not significant. 


Using the same procedure for multiple regression 
analysis, soil loss was entered as the dependent variable 
and all other variables as independent variables. The 


result (Table 7-10) reaffirms the significance of cover and 
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bulk density. Rainfall amount, however, was also included 
in the regression set at the 5 percent level. Total amount 
Of» soil Joss variation explained is 56.5 percent, an amount 


comparable to previous results using plot-period data. 


The adopted interpretation of these results AS 
similar to the plot-period cases. Use of longer periods 
should reduce the significance of rainfall amount but this 
may be partially compensated for by the use of a large range 


Inver Oden eng these eto 6 months ® sdatay 


Cio SeenCt mXnOwn s Why esithe erfect of Soil variables 
should be smaller than the case with period data, because as 
temporal variation is reduced, the between=-plot variations 
which is closely related to soil properties, should become 
prominent. It seems that this reduction in the soil effect 


is related to an increase in the influence of cover density 


Lew) 


{‘r' between cover density and soil loss changes from 0.5 


to 0.64). 
7.4 Summary and Discussions 
In view of the relatively large amount of 


uncontrolled sources of error, an explanation of about 50 to 
55 percent of total variation in soil loss by the variables 
selected is taken to be a very significant result. However, 
since erosional processes were not actually observed in the 
field, it can only be inferred from laboratory simulation 


results that rainsplash is the dominant erosional process 
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during most rainfall events. Koproach ==to field” capacity 
ep pears a1 lO™ OCCUr only Siduring “late “spring “in most of "the 
sites studied and therefore wash erosion is confined to this 
time of the year or perhaps during very heavy storms in the 
summer, Therefore, the highest rainfall erosion hazard for 
these areas occurs during the period immediately following 
snowmelt, or for a considerably longer period if cool and/or 


wet weather persists. 


The presented data demonstrate the overall 
significance of cover and rainfall factors in explaining 
soil loss variations. Compared to the results of Campbell 
(ITO weesOOnsee (1971) 75 1t is. evident that spatial and 
temporal variations in cover density play a vital role, and 
need to be given greater emphasis in erosion’ studies, In 
view of varying relationships between rainfall intensity and 
rainfall energy in areas of high relative relief,” it is 
doubtful whether refinements in measures Ope Tarnraly 
erosivity such as found in the use of many rainfall 
variables (Soons 1971) would ever help to explain a greater 
amount of variation in soil loss than rainfall amount alone. 
Also, this problem of how to measure precisely natural 
Padua ieee LOSLVI Ly, ee ai tt On stOutne OL ttaculLy in 
determining the accuracy of measurements of soil loss in 
small plot studies, probably limit any possible improvement 
* tee work of Wischmeier € Smith (1958) was only found 


applicable to the agricultural areas in Central and Eastern 
Jnited States 
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in explaining soil loss. Rainfall simulation where rainfall 


erosivity is controlled appears to be the only alternative. 


Because of the small amount of data available, and 
limitations of the experimental design, no conclusive 
statement can be made concerning the precise effects of soil 
and slope variables. In the plot-period data set, a number 
of soil variables : aggregate size, organic carbon content, 
bulk density, and clay content were found to be significant. 
Although the relative significance of variables varies, 
these are the same significant variables® found in the 
Hahboratory. ebulk Density iSeche@onlyeesi gnistacantuavarzable 


in the plot-season data. 


Slope was-not significantly related to soil loss but 
this result is misleading because in the multiple regression 
analyses attempted, cover density and rainfall effects are 
very strong and slope effects may be masked. Meeuwig (1971) 
LCuUnOMelusedetielderaintall= simulation study that the effect 
of slope decreases sharply with increase in cover density. 
The slope of the relationship becomes very gentle when cover 
density is greater than 75 percent. Since most of the plot 
sites in the present study have very high cover densities, 
it is quite possible that such a weak relationship is not 
revealed. 


8 Except for bulk density which -was reproduced in the 
laboratory 
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Sin Introduction 


fhe purpose lof this’ chapter is to compare field and 
taboratoryewresultseaconcerning (= (da). -@soil™) erodibility, (b) 
other erosion factors, and (c) erosion potential. The 
laboratory model established in Section 6.6 is applied to 
the conditions under which field erosion took place and the 


results tested against the observed soil loss in the field. 


A positive result of this test will partially confirm 
the celevance OL the laboratory test procedures to 
comparable field situations. The laboratory data are then 
generalized on an areal basis to cover ail the 17 units 


mapped in the field. 


Since little is known about the distribution of soil 
erodibility characteristics in large areas in the mountains 
and foothills, further generalization is impracticable. As 
an alternative, other information such as rainfall 
intensity, landuse, and sediment yield in the area were 
collated and in conjunction with the erodibility and erosion 
potential data from the 17 units studied, some tentative 
conclusions were drawn as to the regional pattern of erosion 


potential and possibly its relation to sediment yield. 
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Two different relations between slope and laboratory 
Sumuvlatedsesoite® Loss, secorresponding to the splash fraction 
being corrected or uncorrected (Section 6.6), were used to 
Compute wesoLlmscrodibility indices. “In “the first case; only 
ehevesplash@eiraction that is transported downslope is 
considered soil loss according to the derivations of Ekern 
(1950). The 20° slope was used as reference slope for all 
Samples amo Ole eCLOdibi lity) WTOTALP)™ is "computed by the 
formula ! 3: 

TOTALP = CTT x (sin20°%cos20°/sin@cos§)9 33 (8.1) 


Wiebe Cll ts corrmected total loss’ (Section 6.6.5). 


In the second case, all splashed particles are taken 
to be eroded soil. Since splash loss does not show 
Sau ULICaNntEeCOLroalation® withhislope,SFonly wash Slosseiis 
corrected. This alternative index of soil erodibility 
(COTALO) 1se8roundaby .: 

TOTALQ = SPASHT + WAASHT x (tan209/tan@)° 937 (Bue) 
(Table 6-5, Equation 6.5.7). The basic data are tabulated 
in Appendix 8.3. The overall range cf data are from 13 to 
Se meuOGl th) mao rand t01cO 2204" “for. VlOTAL PS Although the 
absolute values have very little meaning, this range is very 


ee oe, 0 me eee ee ees ae ee eee ee 


1 See Appendix 8-1 for derivation and assumptions. 
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comparable to that in Bryan's (1974) study. 


The data are also classified according to 
physiographic zone, landuse type, and soil horizon. The 
mean values of each subgroup for both TOTALP and TOTALQ are 
shane one aDleseCm lace O-4 pees ltecan be "readily “seen "that 
these two tables show essentially the same pattern. Because 
of the exclusion of splashed particles that are assumed to. 
have moved upslope, TOTALP tends to show smaller values in 


many subgroups. 


Generally, the decrease in soil erodibility from the 
plains to the mountains and to the foothills are 
demonstrated. Superimposed on this regional trend are the 
effects of landuse practices and vegetation COVeL. 
Cultivated soils in the prairies are extemely erodible. The 
fact the B horizon soils under forest are more erodible than 
those under grass is also shown. Unprotected soils tend to 
De vVervevabiabletin their, erodibility, “ranging from “high 
relative erodibility for freshly exposed sites to extremely 
low erodibility where most of the top soil has already been 
eroded. For grassland soils, 8B horizon samples are more 


erodible in the prairies. 


Oereiere Field Measurements 


It is hard to generalize from the field data because 
of the lower degree of experimental control and the 


relatively small amount of data available. During the field 
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season of 1974, prairie sites were found to show the highest 
ratesof erosion (Table 7=38). However Bthis 81s Fat eGleast 
partly explained by a longer period of record and generally 
poorer cover in the sampled sites.2 To remove the effects 
of rainfall) (Rf) tandecover (K)i; Equation 7.10.3 is’used. An 
erodibility index {SEI) is computed, using 101.6 mm of rain 
and 100 percent bare ground as reference ;: 
SEr -ash xO(901%.6/8f) Sc2eh xe (100/K) 0814 (8.3) 


where SL is measured soil loss in g/m2. 


Since slope was not found to be related to soil loss, 
it is thought that its effect is minimal on the computed 
index. It is also understood that effects of variations in 
rainfall intensity and antecedent soil moisture content were 


not removed. 


For convenience of presentation, these indices were 
grouped according to site and the mean value for each site 
is plotted against their respective elevations (Fig. 8-1). 
Since only 1974 data were used and no adequate rainfall data 
were available for the two forested plots, only 14 points 
Were splotted in’ this figure: Also included in the same 
figure are the mean TOTALP and mean TOTALQ for each sampled 


unit against their respective mean elevations. 


Except for #W5, #P5, and the two mountain plots, 
field results fit in remarkably well with the laboratory 


wel ToeNOerdicatwon thatetducing. this) Season “prairie 
Sites received more rainfall. 
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data. The departure of #W5 and #P5 from the regional 
pattern is probably because not all the selected sites can 
be representative of the units studied. It seems 
reasonable, therefore, to interpret this figure (Fig. 8-1) 
as reflecting the concurrence of laboratcry and field data 
on the regional pattern of variations in soil erodibility in 
the studied areas. Departures from the regional trend are 
basically the resuit of local variations in environmental 


factors, largely the type of parent material. 


Comparable data in the same region are only available 
in two studies. Bryan (1974) found a general increase in 
the erodibility of Albertan soils from the west to the east, 
roughly corresponding to increasing aridity in the region. 
Kemper §& Koch (1965) studied aggregation characteristics of 
some 500 soils in western United States and Canada and 
observed the best aggregated soil in regions with 20 inches 
(500 mm) annual precipitation. The decrease in aggregate 
stability beyond 500 mm precipitation, however, is thought 
to be related to temperature effects. Otherwise, as 
precipitation increases, soil aggregation should improve in 


conjunction with organic matter content. 


That foothills soils are generally less erodible than 
prairie soils can be explained by the cooler and moister 
climate which generally favours rapid vegetation growth in 
the summer but slower rates of residue decay and therefore 


greater amount of humus accumulation. This is generally 
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shown by the better aggregation and higher organic content 
of the foothills soils. In the upper foothills and mountain 
areas, increasing humidity favours higher rates of 
eluviation. Mini=Pozolic B horizons were observed in the 
upper Three Point Creek and Cataract Creek basins. Podzolic 
profiles are also reported in the Kananaskis valley 
(Crossley 1951, Karkanis 1973). These soils tend to have 
less organic content (other than Le-F-H layers) and clay 
content in their surface horizons and therefore poorer 
aggregation. No systematic classification of soil types? in 
the studied areas have been attempted but it suffices to 
refer to soils observed in Northfork East Section which 
shows that the highly degraded soils at site #14 and #16 
have higher Sots ti ll tease than others iwhich sare ssiess 


degraded within the same area. 


Another related factor is the more extensive 
distribution of residual soils (despite the presence of thin 
tills) from the upper foothills to the mountains. Often 
developed on Mesozoic sandstone, these soils tend to be 
coarse textured even if profile development is at an 
advanced stage. This coarse texture also contributes to the 
higher erodibility of upper foothills and mountain soils. 
Because these soils usually have a massive structure their 
sandy nature partly explains their higher erodibility. 
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3 Such as the System for Soil Classification in Canada 
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The testing of the prediction model developed from 
laboratory data against observed field data requires a 
Consideration of "rainfall “intensity. Because laboratory 
data were obtained under constant rainfall intensity, an 
assumption to this effect has to be made for the field data. 
PhEswwobserved==sorl ~1oss® (OSL) data in the field are 
GOEECClLeCd@= tor srvainfall = eamotnt i by referring to a constant 
amount, 101.6 mm, the amount used in the laboratory. 
Corrected soil loss (CSL) is computed by the formula 


Gobe-*OsL ex" ( 101.6725) (8.4) 


Since OSL was not found to be related to slope, it 
Was Speculated that this may be the result) of the dominance 
of rainsplash erosion which causes an undercatch of eroded 
particles at higher slopes (Section 7.3). Accordingly, a 
correction for this undercatch was attempted. Since the 
plots are of uniform length, the height of the uppermost 
point of the plot varies with the sine of the slope angle. 
It is therefore thought that if a correction is to be made, 
nye should be some mathematical function of the Sine 
function, and the possible forms of this function may range 


from sin@® to 2 x sin26é. 


According to this reasoning, two additional corrected 
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OSL's (CSL1, CSL2) were computed by the formulae : 
CSU iMse (LogdtGsS hint i iyextd? +45in8) (O5) 


and. CSb2t-8 (LogufGst)y +94) xa(i +42sin82) (8.6) 


The Simplified laboratory model involving four 
‘independent! variables : cover density, slope, aggregate 
size, and organic content, is used in this test because on 
theoretical grounds tteshouldeebesenore (Papplicables sto ethe 
field situation and in practice a simpler model has a wider 
application if the test result is positive. An alternative 
model incorporating two more variables : clay fraction and 
coarse sand content is utilized (Appendix 8-2). These are 
referred to as Model A and Model B respectively. In actual 
testing, it is possible to use field data at two different 
temporal scales, the period level and the season level. 
Only 1974 data were used for the period level test because 
the 1973 data tend to have too long a measurement period to 
be comparable to the former. For the season level test, 


Gata for the 1973 and 1974 seasons were used. 


All the 623 valid plot-period cases are considered. 
Three OSL variables : CSL, CSL1, CSL2 are computed according 
to Equations 8.4 - 8.6. Predicted soil loss (PSL) variables 
according to Model A (Equation 6.7) and Model B (Appendix 8- 
2)--are also computed. Correlation results of the OSL'S ‘vs 


PSL's are presented in Table 8-2. The ‘r' values range from 
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Go OmcOm sone and meeall ehoLa therm tare significant atithe 0.1% 
eve Wemeunesuse of conrections for splash loss only give 
Slightly better results in Model A but poorer results in 
Model B. Use of Model B which incorporates more variables 
shows less significant results and therefore the Model is 


inferior to Model A in predicting observed soil loss. 


Examination of the scattergrams (Fig. 8-2) suggests a 
CUEve Linear shit tom yithe slog-log. plots. An attempt was 
therefore made to use polynomial equations to fit the data. 
It was found that third order polynomial curves fit the data 
better than the linear functions.* Correlation coefficents 


generally increase to 9.6 = 0.65. 


SIA Wa Season Data 


Se ee 


Twenty-nine sets of season data for 17 plots and for 
the summer seasons 1973 and 1974 are used in this analysis. 
They procedures are exactly as for the period data. Again 
Nodelssk we andiesNodel Br sfor,) predicted tisoal loss ‘and ‘two 
different slope corrections for observed soil loss were 
used. Correlation results (Table 8=2) are generally better 
than the case for plot=period data; 'r' values range fron 
0.65 to 0.75 and are significant at the 0.1% level. Slope 
corrections do not improve the fit anc Model A, using fewer 
variables, seems to give slightly better results than Model 


* Strictly speaking, the original power function relation is 
also a non-linear function. 
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BS Fig. 8-3 shows the difference between the fit for the 


two Models. 


Goo. 4 pent erpretations: 


The significance of the goodness of fit of predicted 
and observed soil loss data in both the period and season 
sets lends credence to the laboratory simulation model 
developed in Section 6.6. Other evidence including the 
comparability of the underlying controls for both simulated 
and Ereldgesoiteetoss, and —thevegenecral? tconcurrence! sof 
laboratory and field estimation of soil erodibility, also 
suggest a positive result for this test of the laboratory 


model. 


However, the range for application of the model 
should be emphasized. Whilst dominant erosion processes in 
both field plots and laboratory ‘sample pans' may be 
Similar, field erosion processes outside the plots can be 
entirely different. Under these conditions, slope length is 
unrestricted and if runoff is generated on these _ slopes, 
much more sediment can be transported and erosion rates 
should then be considerably higher. The effect of slope 


length has been reviewed (Section 1.65.4). 


Another limitation of the model is the assumption of 
constant rainfall amount and intensity. Whilst soil 
erodibility is measured under constant rainfall, actual 


rainfall erosivity has a very large spatial and temporal 
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variability. This~ latter factor must be considered in 


estimating regional patterns of erosion potential. 


8.4 Regional Pattern of Erosion Potential 


8.4.1 Soil Frodibility 


Since the laboratory model was substantiated by 
testing against . field data, soil erodibility = data 
(Section 5.3) are generalized to cover all mapped units. 
Although the procedure adopted incorporates a certain amount 
Giesthjecei Vem element, ites thought «that » the pattern 
developed out of this procedure is sufficiently accurate to 
describe the regional pattern of soil erodibility in the 


study area. 


For this procedure, TOTALP was chosen to be the data 
base. fin Piview tof Mtcirelatiaqnship with fOTALO at probably 
Makes very little difference in the final pattern developed 
if either one index is chosen. For ease in generalizing 
Guide eso ules crodibi lity | mndex » (SEL)* was “computed oby 
dividing each TOTALP by the lowest value of TOTALP observed 
(Appendix 8-2). The resultant series of SEI ranges from 1 
to over 200. These indices are then grouped at intervals of 


29 {an arbitrary interval), giving a total of 9 grades. 


Then, based on field observations of soil 
characteristics and their relationships to slope, cover, and 
parent material, each ‘sitet is assigned an erodibility 


value (1 to 9). The area of each 'site' is then estimated 
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by a Simple weighing method.5 


Mean SEI of the entire unit is then computed by the 

formula : 
Mean SEI => [SEI, «x EXPE Na ee) 
Gl isl 

WheressEl, 15 Crodibslity index for each site, A; 1s area of 
each site, and n is the total number of sites in each unit. 
The SEI values were taken to be the equivalent class nmnid- 
mark of each group. Phrem@eresult fofeethis = computation hers 


presented in Table 8-3 and in a graph plotting mean soil 


erodibility for each unit against elevation (ea geeo =e. 


The plot appears to be refinement of Fig. 8-3 and 
Shows clearly ‘the ‘regional pattern of soil erodibility. 
Erodibility decreases with increasing elevation from the 
plains. The lowest value occurs at around 1 350 m (4,500 
Buy, eclhen acusesetoga peakSat about «10900 mp (67200 £t). ct 
gradually falls again beyond 1 900 o. This pattern appears 
to be related to regional topographic and precipitation 
characteristics. The minimum is located at the lower 
foothills and the secondary peak is found at about the top 


of the upper foothills (eastern slope of Front Range). 


However, this figure should be interpreted with 
considerable caution because it is only based on 147 rather 


5 The base maps are reproduced on ozalid paper. Each unit 
is]-cit—-up—-into—-'sites' and the weight of each 'site’ is 
determined ina Mettler analytical balance which is accurate 
to + 141mg. Unit area weight of the paper is then calibrated 
by weighing sheets of known area The acturacy of this 
method is found to be within + 1 
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subjectively selected units. Also there is a considerable 
amount of subjective element involved in generalizing the 
‘data. Furthermore, this generalization neglects latitudinal 
Wariationss which therefore limit its applicability to a 


small zone in Southern Alberta. 


pa Gs eee brOsion Potential 


For estimation of erosion potential, cover, slope, 
and rainfall factors have to be considered. This section is 
only concerned with slope and cover. Rainfall will be 


treated at a more general scale in Section 8.5. 


Mean cover and slope for each unit were computed 
using the data from field mapping and by relating each slope 
or cover class to equivalent values. For slope, the 
equivalent values of A, AB, and B slopes are 309, 109, and 
3° respectively. For cover density, the equivalent for 
COvetec assay, a,c, eondeteare 7.5, 11,.45,.and 100 percent 
respectively. The formulae ;: 

Mean Slope = = (Oraex Ri/ Ai) (8. 8) 


ist 


f n 
and Mean Cover Density = S (K; x A, / = Re) (229) 
[=| te 


where 0; and Ki, are slope and cover density of each site, A 
and nas defined in Equation 8.7 are used. The results are 


oresented in Table 8=23. 


re 


6 The equivalent cover values are geonetric mean valu 
COfer Classes Oto 6 percent, 6 to 20 ‘percent, 20 “to —99 
percent, and 7100 percent respectively. 
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With this information, it becomes possible to compute 
soil erosion potential (SEP) of each unit under identical 
rainfall conditions. The formula used is derived in 
Secriongo.6 som 

SEP = SE x (K/100)9°925 x (sin€&cos6/sin20°c0s209) 9:33 
(8.10) 
The results are shawn in Table 8-3 and plotted in Fig. 8-5. 
This figure shows a similar regional pattern found for SEI 
except for the fact that because the prairie units are all 
cultivated areas, the differences between prairie and 


foothills units becomes much more pronounced. 


Aparietrconmm che Mimi tationggotaythe SEbe distribution 
pattern described in Section 8.4.1, this representation of 
soil erosion potential is inaccurate because slope and cover 
data are very generalized. It neglects the effect of the. 
presence of forest litter cover (because well-covered ages: 
and grass sites are all given class 1 cover density). Also 
use of an 'At slope to cover all slopes above 169° tends to 
under-estimate slope steepness in the upper foothills and 
mountain areas. These are considered in a more general 


application of the data in the next section. 


3) 2) Relationship of Erosion Potential to Sediment Yield 
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Since not enough is known about the distribution of 
soil erodibility characteristics outside the sampled units, 


further generalization of data is impracticable. Instead, 
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the data are considered to represent 'an average unit! of 
each of the basins studied. The average slope and cover 
characteristics of each basin, together with regional 
rainfall characteristics, could then be utilized to compute 
basin gross erosion rates. tvewarelati oushipe of #aqross 
erosion rate to known sediment yield data is then 


speculated. 


Because of the small areas studied,: ‘average’ soil 
erodibility of each basin (Table 8-4) should be considered 
only an indication of order of magnitude. Average slope of 
each basin ise ttaken sfiromaétabike- 2-1. Estimated data on 
landuse types in each basin are available (Table 2-2). To 
convert these estimates to cover density figures, 
forest/woodland is considered to have 2 percent bare ground, 
dmease es ePercentsand Sacultivated,; land 50.8 percent, Snall 
areas of barren rock surfaces are also assigned 2 percent 


density. 


For the present purpose, it is necessary to know the 
frequency of occtrrence of (different rainfall intensity 
classes. Unfortunately such data are not available. TO 
approximate spatial variations in rainfall erosivity, mean 
annual maximum 24-hr rainfall intensity (Pollock & Gaye 
1973) and mean annual rainfall of representative stations in 


the area were used. Erosivity was found to be a function of 
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the product term of intensity and kinetic energy (Wischmeier 
Ceeomethie 2 >o)e but ethe=relation of rainfall intensity and 
‘Tainfall energy in this part of the province is unknown. To 
approximate this effect, the square of maximum rainfall 
intensity is used. Thus in the actual computation, rainfall 
erosivity is assumed to be proportional to : 
eae Xe 

where TI is mean annual maximum 24-hr rainfall intensity and 
Hiets enean | annual  ratnftall. These data are shown in 


Table 8-4. 


For the computation of gross erosion rate, erosion is 
assumed to vary directly with rainfall erosivity and cover. 
The slope function of sin@€cos§9- 33 is probably not 
applicable to field situations where slope length is much 
longer. On the other hand, the tangent slope function of. 
1.4 (Zingg 1940) appears unrealistic since for high poner 
densities as found in the foothills and mountains, the 
effect of slope angle is much reduced (Meeuwig 1971). A 
tentative exponent of 4.0 for slope angle (in degrees) is 
chosen. Thus 

GER = SE x 61°90 x Kt*0O x (RE)1°0 (87 4) 
where GER is gross erosion rate, SE soil erodibility, and RE 
rainfall erosivity. The final computation results are shown 
Lies tableyj—4. West Arrowwood Creek is found to have the 


highest rate, followed by Three Point Creek. 
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CHAPTER NINE 


In relation to erosional processes, the various 
sediment source areas may be considered either components of 
sheet or channel type erosion. Sediment source areas, on 
the other hand, refer to those areas where conditions = of 
CONGUE pmes Ope, FSotleerodibilaty;and rainfallacrosivity are 
conducive to sediment production. Sediment transport 
Capacities are directly related to discharge conditions in 


major drainage channels. 


All available sediment yield data for the study area 
are shown in Table 9-1. Since the mountain and foothills 
basins should have reasonably high sediment delivery ratios, 
computed Gross Erosion Rate should be somewhat related to 
sediment yield. Examination of the data shows that this is 
the case for Cataract Creek, Pekisko Creek, and Stimson 
Creek but Three Point Creek has a much higher sediment 
yield. On several occasions, turbid water carrying a 
relatively high sediment load was observed up the Three 
Point Creek, above the Ranger Station. Air photo studies 
reveal that upstream at Volcano Creek there is a stretch of 
extensive cutbanks of about 10 km long, apparently developed 
on very erodible material (Laycock 1957b). Its total area 
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50 600 m-tons per year, a rate extrapolated from similarly 
erodible material in the Swan Hills (Wyldman & Poliquin 
WII) Since = thee meanmannual . yield got the “Creek tat 
Millarville is about 63 000 m-tons (McPherson 1975), it is 
possible that the greater part of the excessive yield of the 


Creek is contributed by this stretch. 


It is not known how accurate is the estimated yield 
of 21 000 to 34 000 m=-tons at West Arrowwood Creek. 
Published data (McPherson 1975) cover only basins in the 
Cypress Hills area where arable landuse is much less 


extensive than in the prairie watersheds above Bassano Dan. 


Certain conclusions concerning sediment sources have 
been drawn, though clearly additional information on soil 
erodibility and precipitation erosivity would be highly 
advantageous. Nevertheless, this study provides several 


indicators regarding sediment source areas in the region. 


The calculated rate of sediment yield of 1.3 x 106 n= 
tons per year at the Bassano Dam, or 68 m=tons/km2 
(Hollingshead, Yaremko, & Neill 1973) as a regional erosion 
rate, is not excessive when compared to rates reported by 
Langbein & Schumm (1958), Gottschalk (1964), Wilson (1973), 
Stichling (1973), and Slaymaker & NcPherson (A973) 
However, because of dam constructions upstream, this average 
figure over a period of 60 years probably does not reflect 


present rates of sedimentation. 
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To evaluate sources of sediment production, regional 
sediment yield is estimated on the basis of analysis results 
and published data (Table 9-2). Estimated yield from the 
mountains and foothills areas is about 48 x 103 to 146 x 103 
m=tons. This is comparable to the yields measured at 


Highwood near the mouth for 1972 and 1973 (Table 8=5). 


An attempt to deduce present rates of sedimentation — 
at the Bassano Dam (Table 9-3) shows that the estimated 
Sein) dl eee (Oem SeesOrl ys 35.00sx 94 OSesb ore 00eme 109) m=tons, a rate 
much lower than the long-term average of 1.3 x 106 m-tons 


derived from sediment surveys. 


The key to the explanation of this discrepancy lies 
in the accuracy ef estimation of the contributions of 
prairie watersheds, From the’ point’ of view of long tern 
sediment contribution, what is eroded must eventually be 
renoved, although the mean residence time of eroded 
particles in river channels may vary (Wilson 1973). Since 
prairie soils are highly erodible and field observations do 
not indicate significant amounts of channel alluviation 
Sxceptr anieditches, 'tke trates: “of Fyleld' in the prairie 
watersheds may be higher than what is estimated. It is also 
possible that wind erosion is responsible for a significant 


amount of within-basin transfer of eroded soil. 


alternatively, because of upstream Sedinent storage 
and decreasing trap efficiency due to infilling, the present 


sedimentation rates may be lower than the long term average 
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In the light of the above discussions, three source 
areas appear to be significant contributors to sedimentation 
at the Bassano Dam ?: 

(a) excessively erodible glacial/alluvial deposits and 
bedrock along the major drainage channels such as along 
Volcano Creek in the Three Point Creek Basin and along the 
upper Sheep River north of Gibraltar Mountain; 

(b) steeply sloping coulee sides, ditches, and cultivated 
land on moderate slopes in the prairies; and 

(c) cultivated and poorly grazed areas in the foothills 
where rainfall erosivity and sediment delivery rates are 


higher than in the prairies. 


In considering these source areas, however, it should 
be noted that rainfall erosion is only one of the processes 
responsible for sediment production. Fluvial and eolien 
processes are probably of considerable importance but were 
not considered. This study has concentrated on rainfall 
erosion effects and has shown that these may play a 


Significant role both locally and regionally. 
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dUNey UE 


SAMPLED UNITS & PLOT SITES BY DRAINAGE BASINS 


Basin No.2OL Units NOfnOLesllots 


_--e———————————— 


Cataract Creek 3 6 
Three Point Creek 5 8 
Pekisko Creek a 2 
Stinson Creek 3 6 
West Arrowwood Creek 5 8 
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TABLE 3-4 


PERCENTAGE MONTHLY MAXIMUM RAINFALL INTENSITY FREQUENCIES 


OF EIGHT ALBERTA STATIONS, MAY TO SEPTEMBER INCLUSIVE 


er 
_—_— CC rr C_O_.000000_0_—_— eee 


M - Numb 5 
Station onthly anees Vet ath Sees Maximum 
(Period of Record) pax De Intensit of Intensity 
in Periods Months , y Recorded 


(Elevation) 12.7 mm/hr Total 





(minute) Gt) (mm/hr) 
Le ee ee ee Ss eee i ae ee 
Calgary 15 65 28 43 91 
1961 - 74 30 65 18 28 61 
1 079 m 60 65 6 9 36 
Lethbridge 15 67 5 52 105 
1961 - 74 30 67 20 30 66 
920 m 60 67 8 12 35 
Vauxhall LS 67 22 33 78 
1961 - 74 30 67 14 21 52 
779 m 60 67 6 9 29 
Kananaskis LS 21 10 48 59 
1966 - 74 30 al: 6 29 39 
1 390m 60 21 1 5 19 
press cats 30 25 3 12 20 
am toi 60 44 i 2 13 
eeogiess 15 21 13 62 63 
1409 te 30 Dal al 52 31 
Marmot Con 4 WS 22 9 41 49 
1962 - 73 30 Dap. 4 18 43 
1718 m 60 ee. 2 9 25 
Marmot Con 5 15 227} 8 30 41 
1962 - 73 : 30 Zi 4 tS} 30 
iL SVS) ian 60 DT 2 7 Dal! 





Data Source : Monthly Records, Meteorological observations in Canada, Atmospheric 
Environment Service, Canada Department of Environment, Toronto, 1961 - 73; 


Compilation of Hydrometeorological Record, Marmot Creek Basin, v.l to 9, data 


assembled by Water Survey of Canada for internal circulation; Compilation of . 
Hydrometeorological Record, Streeter Creek Basin, v.l1 to 9, data assembled by 
Water Survey of Canada for internal circulation; Highwood Summit data made 
available by Mr. D. Storr, Atmospheric Environment Service, Alberta Environment, 
Calgary office. 
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NORMAL POTENTIAL EVAPOTRANSPIRATION, SURPLUS, & 


DEP TCI TOF SE 1GHTS SELECTED STATIONS 








Station Pew PE SUR DEF 
Lake Louise 768 876 417 25 
Banff 477 465 98 87 
Kananaskis 647 481 195) 28 
Calgary A 437 520 1 shh 
Pekisko 687 436 270 ibs) 
Turner Valley 584 466 142 I 3 
Gleichen 410 569 5 162 
Lethbridge A 436 574 Bo 161 
PPT = precipitation; PE = potential evapotranspiration; 


SUR = water surplus; DEF = water deficit; all measurements 
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TABLE 4-1 


ge Ws 


DISTRIBUTION OF COLLECTED SAMPLES BY UNIT 


Basin 


Cataract 
Creek 


Peksiko & 
Stimson 
Creek 


Three 
Point 
Creek 


West 
Arrowwood 
Creek 


Unase 


Cataract Central 
CataracteNeren 
Cataraccy sovurcn 


Blades 
Cartwright 
Spruce Ranching 
Smith 


Charmes 
Northfork East 
McMurtry 
Northfork West 


Ware Creek Southwest 


Andrews 
Campbell 
Merkel 
Steiner 
Weber 


(CC) 
(CN) 
(CS) 


(PB) 
(PC) 
(PR) 
(PS) 


(TC) 
(TE) 
(TM) 
(TN) 
(TW) 


(WA) 
(WC) 
(WM ) 
(WS) 
(WW) 


No. 


of Samples 


1S 


ule 
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TABLE 4-2 


BASIC DATA FOR CALIBRATION OF RAINFALL SIMULATOR 











Run Potala Rarnta Pim (mm) Intensity (mm/hr) 
di iGaes 100.8 
2 ro=5 eka 
3) WSs) Oe 
4 L730 102.9 
5 a SS) OIs2 
6 Loe? TOO RL 
7 16.6 oo 0 
8 16.6 98.0 
9 16.6 998 
10 Lil 106. 2 
mean Tes) 0 Leo 
s.d 0/45 259 


RunseOLe.LOrmin. duration. 
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TABLE )5—Lla 


TESTED SAMPLES BY LANDUSE TYPES AND SOIL HORIZON 


eee 








Landuse Types Soule Horizon 
Section ils 2 3 4 A Ap B le Total 
ele 4 0 5 0 0 0 5 4 3 
CN i a 4 0 0 0 5 ar 6 
CS a 3 2 0 0 4 6 
PB 0 16 0 0 15) 0 i 0 16 
EC 4 18 ili 0 7 0 4 Ay 22 
PR 1 0 0 0 2 el 8 
PS 0 7 0 0 5 0 Z 0 7 
Ive 2 8 0 0 8 0 1 1 10 
TE 0 4 4 0 6 0 2 0 
TM 0 6 0 0 4 0 2 0 
TN 0 3 ie 0 ik 0 3 0 
TW 1 4 is 0 & 0 5 iI 10 
WA 0 Th 0 S ab 3 0 0 
WC Z 2 0 5 ak 2 3 0 
WM 4 3 0 5 2 5 3 2 12 
WS 2 2 0 5 2 5 1 1 
WW 0 i 0 4 Hi 4 0 0 
Total ool 86 22 22 73 DP 43 13 aE Syth 
Landuse Types : 1 = bare; 2 = grass; 3 = forest; 
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TABLE 


TESTED SAMPLES BY SLOPE AND COVER DENSITY 


BOs 
Byel5) 45 100 


BO? 


Bo 


Test Slope 


Total 


45 100 


LS 


45 100 5 


£5 


% 


° 
me) 


Cover 


Section 


CC 


CN 


fen) 


CS 


16 
22 


PB 


eC 


PR 


PS 


10 


TC 


TE 


™ 


TN 


10 


TW 


WA 


WC 


i2 


WS 


WW 


ihayl 


13 


12 


Total 


=4 
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NgWeNigah See 


SOIL LOSS VARIABILITY TEST DATA 











Sats pute nT TOERen ena 
(g/m ) (g/m ) (g/m™ ) 

Rl 509 573 1082 

R2 Gf; 602 1079 

R3 532 637 1169 

R4 528 623 1151 

mean 562 609 2.0 

s.d. 46.2 

R5 491 574 1065 

R6 364 444 808 Cc 

R7 624 754 13738 

R8 352 447 799 

RO 429 568 997 

mean ABZ 557 1009 

Sin 260 

Cc : coarse particles on surface 


Ee:) finer particles on surface 
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TABLE 5-3a 


NOMENCLATURE FOR SOIL LOSS VARIABLES 


Run 


Dry Run Soil Loss 


Wet Run Soil Loss 


Dry + Wet Run 
Soil loss 


Wet Run with Cover Density 
Simulation 





Variable 


Wash loss 
Splash loss 
Total loss 


Wash loss 
Splash loss 
Total loss 


Wash loss 
Splash loss 
Total, loss 


Wash loss 
Splash loss 
Total loss 


ABBREVIATION 


WAASHD 
SPASHD 
TOTALD 


WAAS HW 
SPAS HW 
TOTALW 


WAASHT 
SPASHT 
TOTALT 


WAAS HV 
SPASHV 
TOTALV 
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TABLE 5-3b 


NOMENCLATURE FOR OTHER VARIABLES 


Group Variable Abbreviation Symbol 


h-wt WSA 2.83 mm PWSAG3 - 

h-wt WSA 2 mm PWSAG2 - 
eereeat ion h-wt WSA 1 mm PWSAG1 - 

h-wt WSA O25) iim PWSAGH, AGG 

Mean Weight Diameter MWD - 

Geometric Mean Diameter GMD - 


rn 


Clay Fraction CLAY Cy 
jyeeerer Silt Fraétion SERT Di 
Sand Fraction SAND Sn 
Coarse Sand, 0.5 - 4 mm CRSD Cs 


eM 





Dry Run RUNOFD Rd 
Runoff Wet Run RUNOFW Rw 
Dry + Wet Run RUNOFT Rt 
Organic Carbon Content OCC C 
Others Bulk Density BKDY BD 
Cover Density COVER K 
Slope Angle j SLOPE Q 
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TABLE 5=4 


DESCRIPTIVE STATISTICS FOR UNTRANSFORMED SOIL LOSS 


AND RUNOFF VARIABLES 








Variable x Sirs min max sk n 





WAASHD Al.8 98.1 Oe SUL Gioul 5 4 148 
SPASHD 174.9 196.3 ee 860.1 L138 148 
TOTALD 2D Oe), 2 4A0ms 6.6 1293.9 PoaG 148 
WAASHW 87.8 3 3s, Oh JE Bare 2.6 148 
SPASHW 216.4 ero Bees 860.1 ey 148 
TOTALW 30 Are 2 lee 6.0 1204.4 Ubecth 148 
WAASHT 13 5..6 TOS 0) Ome 1692.8 BG 148 
SPASHT Susalas) 362505 ibis ©) ISS RIS) sais) 148 
TOTAL. 526.9 487.9 eG 2498.0 Pe 148 
WAASHV geen.) 2200 0.03 LO7me 2.8 97 
SPASHV 6.7 she ees) Dee) See). 1.9 97 
TOTALV 75.0 101.5 SEO 357.9 a7 97 
RUNOFD 1.864 B52 549 O20 2830 Sau 154 
RUNOFW Sey FOS Boa O20 30R 4a 220 iesit 
X = mean; s.d. = standard deviation; min = minimum; 

max = maximum; sk = skewness; n = sample size; soil variables 


in yas runoff variables in mm. 
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TABLES 5-5 


REGRESSION EQUATIONS FOR DRY RUN VS WET RUN SOIL LOSS 


VARIABLES FOR THREE DIFFERENT TEST SLOPES 





-_—_-_———eeeeee ee —— 





Test Slope va x a b R n 
3° WAASHD WAASHW 0.51 0.91 0.94 38 
SPASHD SPASHW O28 1F326 0.94 38 

TOTALD TOTALW Om 2 e211 0395 38 
150:2 WAASHD WAASHW 0-69 0.74 O75 45 
SPASHD SPASHW 0.60 Orn 7 OaoS 45 

TOTALD TOTALW O56S Og SIS) 0.94 45 
S10 WAASHD WAASHW (ha eal Os) Q.87 65 
SPASHD SPASHW ORS 15 Oat S 65 

TOTALD TOTALW Om 9 nS pon 65 

b 2 Abate 
For regression model y = ax ; R = coefficient of determin- 


ation; n = sample size. 
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TABLES O—6 


COEFFICIENTS OF CORRELATION AMONG 


SIX AGGREGATION INDICES 





PWSAG3 PWSAG2 PWSAG1 PWSAGH MWD GMD 


PWSAG 3 1.0 0 0292 0.88 One O53) 0.88 
PWSAG2 1.00 C226 0.88 Oasis) Use 
PWSAG1 00 On 97 O98 0-29 
PWSAGH Ore 0.96 0-99 
MWD 1.00 DS 
GMD i) 


Sample: size =—— 151; Significance: level :"for p <0s1%, © S029). 


ao 
Aj 


+ Saaaws 
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ALEMSRSYR, (SIRS) 


CORPFICIENTS: OF CORRELATION (r)= : SELECTED SOIL LOSS 
VARIABLES VS SIX INDICES OF AGGREGATION 


POR) THREE sli Teo LORES 











PWSAG3 PWSAG2 PWSAG1 PWSAGH MWD GMD 
TOTALD —OR 6.5 Obs 720i 1G ES) 027 © 6) 9/8) =057.5 
TOTALW -0.64 ZU =, 6:9 salths pl = Orne ib) 5 (oie! One. 
TOTALT =O05 SD Teak =O 0/4 =O. 74 —O8 71 Os TFS) 


(A0beSo ROPE B= 3.2) 9ane = 2505 


TOTALD =O 7-0 es 1S) Obs 7/3) =O "44 ORS TES roa OG: FFs) 
TOTALW J 06 mlb) Fn =Oss2 05 70) = Otay el =O eeyee 
TOTALT Ores Oil Sa 7S AWS = Of Jal m6 TES SPS TLS 


(D)SLOPES=) lO? en. = 45. 


TOTALD = 0730 -0.42 =O 59 AO SY) Uae (ds oo 
TOTALW S18) SHS 0s Ce) O20 =O By) ies > —O. 60 
TOTALT = Ores 4 ENA 7. 0) 291) =0 255 = (2354 ad Oye: 


(GaieSLOPE = 30°, mn) =765.- 


All '‘'r' values are significant at the 52 level 
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TABLE 5—10 


COEFFICIENTS OF CORRELATION SOIL PROPERTY VARIABLES VS 


SELECTED SOIL LOSS VARIABLES 








ele SAND CLAY occ CRSD 





Grassland, A Horizon 


sloper—el0°c, n= 728 





WAASHD 0) OO easy ORO 0.08 O72 0 
SPASHD AO ene 0 #27 AOS} 0202 0-26 
TOTALD — Once * 0227 Oe 41k Ozs02 0.26 
TUNOFD = Oey 0.08 0.08 O.. 2a. 07105 
WAASHW bh Soke ss O2202 Geo ae! OnE? 
SPASHW SO TASS O23 = 18) i) a8) 586) O26 
TOTALW =O oe On 2H: =) nla? ie ek O2425 
RUNOFW -0.13 0.13 -0.12 0.12 -0.07 
Grassland, A Horizon slope = 30°, n = 22 
WAASHD Sols Cake Ons —(Ona3 ~ main 18) 8) OmGos 
SPASHD =e 40" ORM Ol Sy 2) Oe) JU O74 5* 
TOTALD —On.46~ Osos) =0). 42 0 206 Oe 2985-3 
RUNOFD 0.04 =) uo ~ 0.59 —Ohi0is —Onel3 
WAASHW —0.44* 0. 3a eee Coe 0 2200 0.63% 
SPASHW =O Gis Ota, = hs RE 0202 0. 48* 
TOTALW -0.45* 0223 Se 28 Oks Ost OS Shah 
RUNOFW OF105 0. 0aaL Ono = .eue 0.09 
Ones te, 6b HOrizon slope = 30°, n= 8 

WAASHD Sy Take 0.46 8) 98) Sek 0.00 
SPASHD 1B ago) Bohs tos 0.45 0}5 Sys) = (ears, 0.00 
TOTALD ton 0.46 = 93:0 hey oe 0.01 
RUNOFD -0.64 0.05 0.24 Ogi 8) SV} 
WAASHW IG) SR re O55,6 SINS Eo) i 2S) = Oe 
SPASHW =< (5904 > On 638 — Olea Ono OneLU 
TOTALW = (eg = 0.63 10 ye mo Os 24) 0.04 
RUNOFW AON The %e3 0.28 =the; oe pai eee — Vine 2 
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WAASHD 
SPASHD 
TOTALD 
RUNOFD 


WAASHW 
SPASHW 
TOTALW 
RUNOFW 


WAASHD 
SPASHD 
TOTALD 
FUNOFD 


WAASHW 
SPASHW 
TOTALW 
RUNOFW 


WAASHD 
SPASHD 
TOTALD 
RUNOFD 


WAAS HW 
SPASHW 
TOTALW 
RUNOFW 


WAASHD 
SPASHD 
TOTALD 
RUNOFD 


WAASHW 
SPASHW 
TOTALW 
RUNOFW 
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DABLE Wo LO (continued) 
AGG SAND CLAY OCC 
pena iat wcereeientetlee on aii ni SAS Se a ee. Ne ee a a 
slope: = 3°, ene=) 38 
elt) Ph Sato G (es ZA) 0.07 =) OL ue 
= ORetioe © 02382 =Qist0 6 AO ee oi 
(ee * * 0.38% —O2 04 —~(Oo 4 es 
Sa Swe 0.06 OF 354 =O aoe 
Wit) St OniZ2 0.08 — Oe Oa s 
SO) lari eh: Ore 44 HO OHS mG 16) Otto 
= OG ml Osi Ske =n 08 \8) (Bees 
alO rats, 7) eae 0.04 0.24 ald), BESS 3 
Sey S I gl ee 255) 
= Ore oii san Omi = 4 = Orda ee 
SO) Ti Gots Or 7 (0). Save 10) 5 Sees 
AS eRe OR26 Mics BRS —Qieou 
= eros = Orr2-O Oly thal 05 BS 2 
=i6) SES Dn aks 10) ALS cai) (ayia 
Sig, FOS te 0.24 0) 5) ee SAU SE 
SAG, tees Qi2i3 = 19) 5 Se S10), Gives 
Ben 2 1 = ren 5 = (iLO saiO)e, Bayer 
SUCDeR ame Ua, SOE oo 
SiO) SOA tons ig AM. SO Seve Sli, Gyles 
=i0)5 SE ts ie 9 iG) il She tat CUE Ba os 
=) aeonig Ja25* al W arto ENO, ACT ites 
SO 2S Wyn 1S =0'203 0.54 744% 
= use ce Ones (0) Sard SAO ays ee 
ollie Bie ts 2 0.24 Oia Siete Cake ES) 

ADs Ses Qe =I) sii Comme onal Sane 
= (Vee = (Je) -0.15 10) BIO 
Cultivated, Ap Horizon SLOpeCE So 7 ana eu 

= Ogee = iore ne ORD Gace Olan 7 
Deis Si Orel Os Om = 425 
= Or oie 0.14 Gre 0 Oe) 
= (O54 -0.12 O69 e ee One oe 
= (Jo ills O749% -0.28 
0 ie eo Bles Jak On20:0 0506 
-0.42 ml). Au Ge =o 
Oe 8! NO) 5 OMe! Oh ails -0.28 
eel tae op mee cee el mln BEN ec milan. 
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TABLE 5-15 


COEFFICIENT OF CORRELATION (r) 
PERCENT CLAY VS PERCENTAGE-WEIGHT WSA > 0.5 mm 


FOR DIFFERENT RANGES OF ORGANIC CARBON CONTENT 





nn 











PERCENT ORGANIC CARBON r SAMPLE SIZE 

0 =, a saVe -0.05 30 
Zee 4 OG7 Onc? 26 
4.0 - 5.067 +0347 « 20 
DeVOU= 9s 201. tOsDo 4 34 

Pa Tewsheye OS LZ 38 
all samples FOO = 148 

TABLE 5-16 


COEFFICIENT OF CORRELATION (r) 
PERCENT ORGANIC CARBON VS PERCENTAGE-WELGHT WSA > 0.5 mm 


FOR DIFFERENT RANGES OF CLAY CONTENT 











PERCENT CLAY r SAMPLE SIZE 
OR — 17754 +0. 04 a 
Lip ene. lk Oke 33 
22 Sms De +0.06 47 
ea IES SVE FOSLS 36 


all samples +0.14 148 
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TABLE 7-2 


SOIL LOSS, RAINFALL, AND COVER DENSITY DATA, 1973 


SOMOS Ss 





: Rainfall Bare Ground 
Plot # Period @eyma) Pees Gan (%) 
ead JU 0 p= OCt ey 308 148 OS) 
*C2 JUNO Och <7 On 148 52 00 
C3 June 0F- OGt, 7 aoe! 153 0525 
*C4 Jiitems = Oct =/ 167.39 159 Di a20 
C5 A Sh Wek il 46.67 159 20.00 
C6 Jit = OCR, oF Sey A 159 O25 
BS Maya mJ 19, fieas: 150 O72 5 
138} Ji WAL sa Okeke 4s Mn Sie) 170 O22 5 
*P4 May 21 = Jul 19 hag ah isle) 0.50 
P4 ie Ome OC. 7 On 74 170 0.50 
*PS Maye 2 - Joie 19 She ty) 141 des 5) 
BS ee WN) = eee sy) 5.63 160 i 5\ 0) 
PY Mave? Onett L9 ME ANS) 5.6 Pro0 
P8 May 20 = Jul 19 Tee 156 OF25 
eS Jul, vow Oct 7/ 2h BP Sih 0.25 
*T1 June 2oe- Oct, 36 Ga2 241(E) Os) 
ee Apa 240- Jun 28 8.80 143 5. G0 
*T3 June oe JUde 22 19.2 83 4.00 
13 Jul 228- Occ, is (05 eo 4.00 
*T4 ADiee tee pel uel 5 783) 192 Ta00 
ys Ani: HEE ey XOleie 733 Wore 160 14.00 
T6 JU a OSt a6 On 253 Obes) 
*T7 June2or- Octer G NOP 2 254(E) 5200 
T8 Jin 829% = Ocier6 eect 254(E) 0225 
wW1 Apr 21) — Jun: 16 Mi gos) 100 37.4.0 
wW3 AGtig2 wom JO Sn Oe! sieaaa es eyh) 
W3 lee OC t mG 5S 2s 2250 
*W5 Aprezl = Jule20 Wiehe i 1a2C8) 19.00 
*W6 Apr 21 - Jun 16 ANE NS) 66(E) 10.60 
*W7 Apte2O wa Jutl 16 Ne, 66(E) 7.90 
wW8 Apre22 = Jul 2 0 Lao 6 139 O25 
W8 Jie pec Lao P24 121 O25 





*Plots maintained in 1974 season. (P2 and T5 not listed); (E) estimated. 
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ol Let = 
z F OP fash 
b+ | el TL rT 
~ 730 
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TABLE 7-3 


SOIL LOSS DATA 1974 


PLOT — 1 2 3 4 5 6 
Saas NI TS 
eo - - ~ - 4.63 2.89 
C4 - - € 50.80 > 16.45 228 7 
P2 - 0.66 0.92 5.11 0.92% 10.23% 
P4 - 0.62 0.62 0.74 3.94% - 
P5 - ARCO OM 23 6.49 7.73% 7.98% 
rit - ~ 2.85 DDD 13.46* - 
is - 0.64 0.51 0.51 2.69% Dees 
TA - - iN20 ites DP 2.13* 
T5 - € 2.00 > 2.53 1.33 1.33* 
t7i - - ~ 5.99 9.28% 9.15% 
W1 29,05.) Ie 2A 148) 1 B243 2ea7 led 
W3 10.48 0.87 0.87 2.99 2.00% 5.24% 
W5 te06 1551 - (eth 2.26 0.63 
W6 Aor OME? SMO? G23 6430 3.49 5.49 
W7 18.79 2.36 2.99 - ~ - 
W8 INS hg ahh 1.86 5.33 4.96% 3.97% 


SOU leslLOSSesin g/m; Periods: Is= April 25 — Mays8;) 2 = May 8) — 
May 26/27; 3 = May 26/27 - June 16/17; 4 = June 16/17 - July 
MG elie oes OULY el6/17 = August 13/14. 6. = August 13/14 - 
September 21/22; 


gdatawatilected by partial Clipping of vegetation; f = 
forested sites. 





TABLE 7-4 


RAINFALL DATA 1974 
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PLOT 1 2 5) 4 5 
ee ee ee ee 
C2 a = = me DSi IE 
C4 = = a a 48.0 
p2 = 3S re 41.1 56.6 2 
P4 = Seis 24.9 SHE) '8 aie), 2 
P5 = 54.9 30 D6 635.6 
iS = Schr I Exhale Sih 5} USS) 
T4 a = ZueLo Gis (ee 9 
is, = 80.0 B45 86.6 46.0 
W1 ste! oes B 9.4 635 a6 3.52.6 
W3 O91. G Sere 2) 133510) 6025 3.68.0 
W5 = Mens) = 48.8 2359 
W6 (Po) Apes PRBo As Urs Ik SS) 515) 
W7 poeU sie!) Zeer = = 
We Dre 43.9 Ora, 60.2 Ane 


Raintall amount in mm; Period same as Table 7-3 
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TABLE 7-6 


COVER DENSITY DATA, 1974 





PLOT el 2 3 4 5 6 
ee = = = es th aeag) Os 3) 
C4 = = = = 45 35 

P2 = Shae) 2025 fs AW) 4.25 S70 
P4 - Oo Be ONE Ora MiGs 2S > 
BS = Sh 8) 2355) 4.5 L6=.5 HATES) 
Avil = <—1e06 25 > 5 as was 2) = 
ays) = 2D eS) 10 De 22 
T4 = 4.5 5S AnD 14575 14.5 
> = Os) me es IES EZ SD hs ®) 
ey, = & oe 1, Sef) SONS IPs 
Wl 1 ay AES) Sh ass) S58 Die 6.0 
W3 Le0 DS IES OS) hens) Ts oe 
W5 920 el) 2)5 So 0S Be dD 4.0 
W6 EOS 180 ee 14 Shes 2) Ube eg ae) 
W7 Les ES Bes WS O Sy PRS) Ws = = 
W8 Sia's) Uy SAS ®) ORs Le Geel o 


Bare ground in percent; Periods as in Table 7-3 
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TABLE 7-11 
SEASON SOIL LOSS, MEAN COVER DENSITY & TOTAL SEASON 


RAINFALL, 1973 & 1974, 


=e See ee 
ee ee Se 


Pore: SEASON SOIL LOSS  _RAINFALL AMOUNT BARE GROUND 
ee ee eee ee re es aes, 
1973 DATA 
C2 3.53 TA7.8 0-3 
C4 167.35 158.7 5725 
P3 8.60 319.5 0.3 
P4 1.96 319.5 0.5 
P5 15.39 300.7 hos 
P7 12518 156.0 1.6 
no Soa 143.3 5.0 
T3 9.00 259.1 4.0 
T4 2.0 351.6 14.0 
W1 D141 99.6 37E4 
W3 9.00 266.5 2.5 
W5 18.33 We 19.0 
W6 21.90 66.0 10.6 
W7 5 OL 66.0 7.9 
W8 15.81 260.4 OF3 
i ttl ins aly Soe, act a = eae REI ee 
1974 DATA 

, Fae 90.7 130 
C4 89.95 136.1 50.0 
P2 Oe ae 267.0 3.0 
P4 Style 204.2 2.8 
P5 B7. 05> 290.1 7.9 
T3 Speye 205.0 9.9 
T4 6.94 * 166.1 9.4 
5 Thee 246.9 7a0 
Wl 52.81 246.9 1S 
W3 2120": 267.0 cues 
W5 6.40 141.5 651 
W6 98.54 278.4 1580 
W7 Za eis 153.2 20.6 
W8 226 Fer e 4.5 


* Data affected by partial clipping of vegetation cover. 
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TABLE 8-2a 


COEFFICIENTS OF CORRELATION : PREDICTED VS OBSERVED SOIL LOSS 


OO ree — 
a 


PLOT-PERIOD DATA PLOT-SEASON DATA 
n = 63 n = 29 
PSL1 IPASIL, # 1eSlbs PSY 
rere ee ee 
OSL1 O253 0,53 OFZ 0873 
OSL2 0255 0.53 0.74 0.69 
OSL3 0555 Ono7Z 0.69 0.64 


All 'r' values significant at the 0.1% level. 


TABLE 8-2b 


POLYNOMTAL EQUATIONS RELATING PREDICTED AND OBSERVED SOIL LOSS, 


PLOT-PERIOD DATA 


—-_—__———— ee ESESSSSSSSSSSSSFSFSMMSSsmsmmhFhFhFhFeFeseseFefefeseFe 
-__eooOoOO — —  ———  eSSSSSSSSSSFSFSSSSSSSSMSSSMMSSsFsSsFsFeFeFFssseFessseF 


Dependent Independent 
Variable Variable Polynomial Equation R 
Cy) (x) 
Se a ee eee 
3 Z 3 

PSL1 x 10 OSL1 x 10 Yeu e-9 02a 17,3 0xe — O47 xe te lbs 0.62 
PSL2 x 10° OSL1 x 10 yVere=LOl21) +97: Loxe= Bots + hee O61 
PSL1 x 10° OSL2 x 10 Whe I AENT co Ui aleke = 80g + 0.33x° 0.63 
PSH Us. MEMOSL 7ockl OMNI y =) 8A 310h9 98%. 203 05eo Eero G32) mine Ge 
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TABLE 8-3 


WELGHTED MEAN SOIL ERODIBILITY, MEAN COVER DENSITY, 
SLOPE, AND EROSION POTENTIAL 


OF SAMPLED UNITS 


MEAN MEAN MEAN BARE MEAN Beet 
UNIT 2 s POTENTIAL 

PINDEX TOTALP (g/m ) GROUND (%) SLOPE (~) re 
CC By 4-6) Sys) See Utes SIL 2520 
CN 52a2 558 aD lous cys 
cS 44.1 471 Baie ate) LD 
PB 16.0 iy Bis) or G2 
PC 235.0 246 Sale) 953 1224 
PR Ue ©) TRS See 2S dat 
PS Zoe 301 Sad 1329 1220 
TC 167/ 1/9 JO a0 Buss 
TE 1o7G 210 Bees Ld Der 
™ 18.4 197 12.4 6.1 1953 
TN 40.2 430 Dats) 24.3 14.9 
TW 1280 210 noes) ase) Tao 
WA Se I! 1419 68.7 3.4 SViEIES 
WC 9689 1036 40.4 Se) 307.0 
WM LES eZ 1274 48.6 4.1 SEN ste) 
WS Ee de! 1450 D2 4.0 490.7 
WW 83.4 892 BYs) 5 Bi8) 308.6 
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TABLE 9-2 


SEDIMENT YIELD BY PHYSIOGRAPHIC ZONE IN STUDY AREA 


BASED ON LABORATORY AND FIELD DATA 


SSF a ae Sa eee 
ee er a a eg 


A Suspended Total 
Zone Cem?) Sediment Yield Yield 
3 (m-tons/km2) (103 m-tons) 
ea a ea ee 
Mountain 796 20 - 30 Guo 
Upper ? . 
Poothilie 1 005 40 80 40 101 
Lower 
Foothills 2 428 20 - 60 48 - 146 
Plains — yma. Mo Sy 173 - 289 


-__e 


TOTAL/MEAN i0 000 28 - 56 277 - 560 
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TABLE 9-3 


SEDIMENT SOURCES & SEDIMENTATION RATE 


AT BASSANO DAM 


SS a 
reer me a 


Sediment 
Source Yield 
(10° m-tons) 


ee ee eee eee eee 


Bow at ays & 643 
Calgary 
ponerse sas 89 - 270° 
Sediment nest i ee 
input Wiese b 
peeit te Mir ee SAO Aeph Gl (NA 
watersheds 
Cutbanks 50 - 150° 


along Bow 


————— 


Sediment Bow below a 

Output Bassano a 101 - 346 
Sr cae ed ee ek ee eee 
Sedimentation Bassano 351 - 698 

Rate Dam 


ee 


as in Table 8-5; peer in esd as in Tabie 8-6; “estimated by extrapo- 
lation from Red Deer Badlands (Campbell 1970, 1973, 1974). 
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Figure 1-3 


Schematic diagram to show sampling hierarchy 


Spatial scale 
















Sample 
(m?) size 
REGION lol Part of Bow River Basin 
10000 km2 
PHYSIOGRAPHIC 
ZONE 8.0X108-5.8X 109 | Mountain | Foothills 3 
796 km2 3433 km2 5771 km? 
DRAINAGE f 1 
1.6-7.4X108 Cataract Creek | Pekisko Creek | Stimson Creek | Three Point Creek West Arrowwood Creek § 
BASIN | 
165 km2 228 km? 249 km2 738 km2 
UNIT 2.6X10° 47, 
SITE 10 -105 ys) 
PLOT 10° 30 
SAMPLING POINT 10°! 233 
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Bedrock Geology 


TERTIARY 
PALEOCENE 
PORCUPINE HILLS FORMATION: pale grey, thick-bedded, cherty, 
| w | calcareous sandstone; pale grey calcareous mudstone; nonmarine 


TERTIARY AND CRETACEOUS 
PALEOCENE AND UPPER CRETACEOUS 


PASKAPOO FORMATION: grey to greenish grey, thick-bedded, cal- 

TKp careous, cherty sandstone; grey and green siltstone and mudstone: 
minor conglomerate, thin limestone, coal and tuff beds; Scollard 
Member (Ksc): grey feldspathic sandstone, dark grey bentonitic mud- 
stone; thick coal beds, nonmarine 


BRAZEAU FORMATION: greenish grey, thick-bedded, chloritic and 
TKb feldspathic sandstone and blocky grey mudstone;, some tuff and thin 
coal beds; nonmarine 


CRETACEOUS 
: ALBERTA GROUP: dark grey, fissile, silty shale: some thin-bedded, 
Ka fine- to medium-grained, cherty sandstone (Blackstone Formation}— 
thick-bedded, well-sorted, quartzose sandstone, dark grey shale and 


carbonaceous shale; siltstone and thin coal beds (Cardium Formation) 
—dark grey fissile shale and siltstone, thin-bedded, fine-grained, 
glauconitic sandstone, thin beds of concretionary ironstone (Wapiabi 
Formation}—Note: north of Athabasca River areas designated as Ka 
include Smoky Group, Dunvegan and Shaftesbury Formations (strat- 
igraphic equivalents of Alberta Group) 


UPPER CRETACEOUS 


HORSESHOE CANYON FORMATION: grey, feldspathic, clayey sand- 
stone; grey bDentonitic mudstone and carbonaceous shale; concre- 
tionary ironstone beds, scattered coal and bentonite beds of variable 
thickness, minor limestone beds; mainly nonmarine 


greenish glauconitic and grey clayey sandstone; thin concretionary 
ironstone and bentonite beds; marine 


ca BEARPAW FORMATION: dark grey blocky shale and silty shale; 
MESOZOIC 


stone, breccia and gypsum (Triassic)—dark grey to black fissile shale 
and siltstone, black cherty and phosphatic dolomite and limestone; 
green glauconitic shale and sandstone (Jurassic)—thick-bedded, fine- 
to coarse-grained, cherty sandstone interbedded with dark grey shale, 
siltstone and coal (Nikanassin and Kootenay Formations}—grey, sili- 
ceous, calcareous sandstone; green chloritic and feldspathic sandstone; 
dark grey carbonaceous and calcareous shale: grey, green, and red 
shale and silty shale, some conglomerate; coal in central and northern 
Foothills; trachytic tuff, agglomerate in southern Foothills (Blairmore 
Group) 


LOWER CRETACEOUS, JURASSIC AND TRIASSIC: dark grey to 
Mz black siltstone; dolomitic siltstone and limestone: silty dolomite, lime- 


PALEOZOIC 


UPPER PALEOZOIC: grey argillaceous limestone and dolomite, in 
part cherty and stromatoporoidal, in part coarsely biostromal; black 
nodular and calcareous shale; grey to brown aphanitic to finely 
crystalline limestone, dolomite-mottled limestone, and dolomite; black 
bituminous shale (Upper Devonian}—dark grey fissile shale, siltstone, 
argillaceous limestone and cherty limestone, medium- to coarse-grained 
Crinoidal limestone, cherty and dolomitic limestone; dolomite, cherty 
dolomite, anhydrite, red shale and sandstone (Mississippian)—thin- and 
thick-bedded quartzose sandstone, phosphatic quartzose siltstone, silty 
and cherty dolomite, chert and cherty carbonate (Pennsylvanian- 
Permian) 
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Figure 3-2a 


CataractCreek:Soil distribution by parent material 
Source: Laycock (1957b) 


A. Bare rock and rocky alpine soils 

B. Residual soils 

C. Colluvial soils 

D. Glacial soils, other than glacio-fluvial 
E. Alluvial and glacio- fluvial soils 
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Figure 3-2b 
Pekisko and Stimson Creeks: 


Soil distribution by parent material 
Source: Wyatt et al (1942) Alberta Soil Survey (unpublished) 
revised (1960) 


1. Sorted residual 

2. Glacial 

4. Gravelly outwash 
5. Alluvial Resorted 
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Figure 3-2d 
West Arrowwood Creek: 


Soil distribution by parent material 
Wyatt et al (1942) 


revised (1960) 





Miles 5 
QO Kilometers 8 





1. Sorted residual 

2. Glacial 

3. Assorted glacial 
4. Gravelly outwash 
5. Alluvial Resorted 
6. Eolian and alluvial 
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Figure 3-3 


Mean monthly temperature of three selected stations 


Data Source: Atmospheric Environment Service, Environment Canada (1973) 
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Figure 3-4 


Mean monthly precipitation and rainfall of six selected stations 


Data Source: Atmospheric Environment Service, Environment Conada, (1973) 
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Figure 3-5 


Short duration rainfall intensity—frequency curves of four selected stations 


Data Source: Atmospheric Environment Service, Environment Canada, Unpublished Charts 
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Figure 3-11 


Andrews Section, West Arrowwood Creek 


(Sect. 9-17-25-W4) 


3.04, 








305 





Figure 3-12 


Campbell Section, West Arrowwood Creek 


(Sect. 32-19-24-W4) 
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Figure 3-13 


Merkel Section, West Arrowwood Creek 


Gect. 24-19-25-W4) . 





Figure 3-14 


Steiner Section, West Arrowood Creek 


(Sect. 31-18-24-W4) 
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igure 3-15 
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West Arrowwood Creek 
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Figure 3-16 


Blades Section, Stimson Creek 


(Sect. 15-16-2-W5) 
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Figure 3-17 


Cartwright Section, Pekisko Creek 


(Sect. 26-16-4-W5) 
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Figure 3-18 


Smith Section, Stimson Creek 


(Sect. 23-15-3-W5) 
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Figure 3-19 


Spruce Ranching Section, Stimson Creek 


(Sect. 12-16-3-W5) 
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Figure 3-20 


Charmes Section, Three Point Creek . 


(Sect. 8-21-3-W5) 
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Figure 3-21 


McMurtry Section, Three Point Creek 


(Sect. 26-20-3-W5) 
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Figure 3-22 


Northfork East Section, Three Point Creek 
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Figure 3-23 


Northfork West Section, Three Point Creek 
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Figure 3-24 


Ware Southwest Section, Three Point Creek 
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Figure 3-26 


Cataract North Section, Cataract Creek 
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Figure 4-2 
The 'Edmonton-pattern” rainfall simulator. 
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Frequency distribution of runoff cmounts for three test slopes 


and two moisture conditions 
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Correlation Coefficient (r) 


Figure 5-3 


Correlation profiles of runoff minus direct rainfall 
0.9 vs wash loss for three different test slopes 
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Figure 5-4a 


Frequency distribution of transformed soil loss variables 
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Figure 5-4b 


Frequency distribution of transformed soil loss variables 
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Figure 5-13 
Runoff rates of six selected samples 
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Figure 6-1 
Classification of tota! soil loss by zone and landuse types 
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TOTAL LOSS VS ORGANIC CARBON CONTENT, 


FIG, 6-3 
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FIG, 6-6 
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FIG, 6-8 RATIO OF TOTALV TO TOTALW VS COVER DENSITY 


7.50 T2e5C 17250 22-50 27.50 32.50 








seta ity M allele ais) Hon An Watial Vea Ned = N= Teoh she = yeke Sea peor yh) co ee Hee NeoN Shwe 


R2 = 0.61 
* 
PERCENT BARE GROUND 
ON a a Pe as a ee 
0.45 0.75 Te05: asics SiS 1.65 Woes “25 2.55 2.85 3015 
: " osllas tla aa, La a Say 0) RMI AIR ied Soe oc 
t FIG, 6-9 WET RUN TOTAL LOSS VS TOTAL Lnss z 
I FOR RUN WiTH COVER DENSITY SIMULATION ; 
I FOR THREE DIFFERENT COVER DENSITIES I 
I B FY 5 
. Z 
I K= 15 a oe~ I 
2 a * * we © e ae K = 45 : 
I o I 
I * af I 
* >) oe 
: */et* 208 oe fc; I 
+ * /* ® /® me + 
I * / © € @® 2 I 
a4 e/a * ‘@® ® Vee I 
: 2 ue * me ® ee rE : 
+ * * *@ “ + 
yA 

Que 742) ® I 
< y< (2.) © / I 
ac 2 ae e ig 
I * Vin T 
+ * + 
I K=s a 2 *® Z 
a8 / Be 
I ve @ r 

B J * 
+ * VA * we + 
: a 2 E 
: J 6 For K= 5, Y = 0,58 + 1,29X, R¢ = 0,68, E 
bh ee & For K = 15, Y= 0,34 + 1,24X, R2 = 0,87, I 
ee . For K = 45, Y = 0.65 + 0.86X, R2 = 0,81, I 
ag I 
ng I 
I i 
Ir rE 
ng I 
ag I 
. + 
I aL: 
Bt A I 
I 
I TOTAL LOSS FOR RUN WITH COVER DENSITY SIMULATION IN G/M2 (LAG iq SCALE) I 
Sracuacss chai) soxesal MMMEMRETCUMEM Cc) MLAS. We .sy eso Gb Sac aris 


hee) 


+20 


00 


-80 


60 


~40 


-0C 


-80 


60 


40 


00 


-70 


«40 


210 


- 80 


-50 


+20 


90 


«60 





















to 
vy - = 7 
- ab on! i 
ae ] itd - 7 7 ty 
| oo Dt ae 
oe Si ee 
vial 


ae. 


Her oad meee a 


es : 
} . 
Thy Bs fy } 4 i 
: < : LJ a 3 
—— 4 : . 
= Ba ¢ a 
i- 4 ; : 
» 
; ee ; ; 
& . a : = 
ee 
« @ ™“. : 
* 
* : a 
oa 
no- : I 
oj ody é A Wits iz 
——— ot eee ee : , 
- wa e “7 ¥ 4,e* ony rm 


ie a P+ i a = Po watt ee ncipoalseaitnly - 
wha gant wer qu Ge we ae ; 
ie halt | cine Ave Re bs 
* bre joa ure Poe . ae 






YT 


3.15 


2.25 


0.75 1.05 1.35 


0.45 


2.00 
1.70 
1.40 
1.10 
0.80 
0.50 
0.20 
-0.10 
-0.40 
-0.70 
-1.00 


o 
totaal del Tole Mola aMaie Sto M Ma aode Kalai aN non ioe Nele ory eycore ie eyecare yen enone m™m 
. 

m 





0.60 





FIG, 6-10 


+ 
' 
) 
' 
i 
+> 
' 
' 
to 
to 
ane 
mm 
‘ 
‘ 
‘ 
\ + 
‘ 
\ ‘ 
ie) 
is 
hues 
nN 
' 
H ieee ae ee alata lalalnsialshaNa Hela Watalial Me Rdbsai Mey alah ies SiN eine ei Ieiies a, 0 
' x > 
+ ee Nal ' oI 
' a C ' 
* ' Spd H t 
o = 
ts Sy ' #NF H 
Ect eet 1 * #e Fee 1 
* iy) i ce '‘ * * ' 
= =e ' + 1 + # ' 
= 1 an H # * ' ' 
ee 4 
G + cahfey at) ‘ * ' 
‘ aow Site ’ * + 
ot > S> -t * ' * ' 
aH 10 Qe H te ‘4 : 
= oJ ' 
=e Cai AG : 
2 [=3) ‘ 
ae = ws ee ' * 4 * ' 
n ' H * ih * * # ON H 
& N ‘ S| 2 os ee % ' 
LI) So 4 * HN 
cy = * ~N ot PRR Ae "'Visteleieiatalelelal Salelelalel gale ahh lh ner i reer ene ner ees 
— * 
= oO 4 i=) ' Pi * * 1 
Ne AN + 
= = re Qw H . act S H 
oO = 1o Ss 1 eee H 
nm = as aS ! * ** ee * i 
= # NN * * 
= Ant == fal ‘ ' * * t 
oc pepe sD to ' ! ! 
= Sat oe 3} ee ka Sir * 
[= ' Lemme | * x * * j 
faa i \ 4 * Can ' 
oO <= S = ' ' ‘ 
* Ee 1H a 1 * i* ' 
ss} x2 0 1 ' ' ' 
z — ' cr wo : * r ' 
= ae : : 
‘cal ‘ oO or ‘ ' 
& = t AS ' : 
vine ’ x 
[wa] jew) ob ’ ES 
2 * 2 i ° CRN THEM MH MH HHH At HHH Me RH HHH H + me 
= * * oS t ‘ ° ° ° ° ° 
e * SS ° : ° 
oD ‘ N re ° c x 
SS * + ‘ ' U ' 
‘ 
+ 
a a Beno TWACISSY C3ZIGYVANWIS 
= ' 
Oo * 1o 
= psy 
* + 
ra fe 
of + 
a t 
' 
4 
' 
+ 
H 
> 


THAN FH HHA tHe HE eH A ®t od el 9 


° ° fo) ° ° =} ° ° o ° a 
o Uns a (red @ wo N We cr ~ eo 
. . . . . ‘ . : * ‘ ’ 
N re - ve o o o 7 G) <) \ sed 

' i) i] 


SSOT SAILW13Y C3191 034d 


2.0 


1.0 


PREDICTED STANDARDIZED TOTAL SOIL LOSS 


=2.0 


Ta 


nt —— 


‘ 
F< 


ee 


6$ +d pupeen ee 


owt een ee 


mi 


ee ee 







rs. vali! Bey ¥ 
ay ee. Ae - 





7 
wie 
. 


. | ail eer vee fre 






he , Soe 
ss 
— ) 









. » , 3 
7 
% e ; - 
e oo 
. e a 7 Ltd “ 
a ; 
ef Rs -* i 4 
e a . “ee 
7 * 5 H a 
~= “4s ’ > 
é | a a kL 
t i 
2. ; oe 
. @ ‘ . ‘ 
* es ' a 
» .. * ei) 7 7 
oe 8 & 6* . s = 
* o™\ . . 
* «@ ‘s , Rae 
4 2 ° : 
. “* 
oe b Sere 
' * . ae 
. . , 
a e ’ 
Ne 3. 
. * - oa 
‘ : . 
- 
tum pal) Ae AL cetg anon aauiseae - = PE, - 
- é =z ee eT) 1 ee is wes pe cn nguebeberu<d aed iene aang : a 
a7 af a,! mt Ot. ne. 64,7? * 


rp hate Qpte Soa) at 
e cee VU. ee * 


j y.? ee % 4 2 
eee ee Le © 
é . 1 
i , 
i © oA are 
, , J 
’ i ‘ [ 
1 ¥ a 
i 
7. 
i ‘ 
‘ ' 
¢ : 
ea . 
| ; 
4 ' 
* « ‘ i 
. v ‘ ve * .7F 
* 7 * - s 
4% » a x 
oe * o' « ‘ 
ove * - ay 4 * ¢ = 
+ * § 


355 


WW Ul {UNOWD jjOjUIDY 
0SZ 002 OS | oot OS 
_ oS 


ysnBny pup dnp v 
eunf pun Anw SOV 
ysnBay “Ajar e@ 


eaunr ‘ADW re) 
v7 v 
Us 
v yas 
A vA 
Vv Ue 8) 
Za 
a Vv v 
WA 
oe “ 
y, ue 
e Yi 
\ Z ca 
Ye Vv Vv 
Z Ta 
y, vA 
V Sue 
Me Vv “a {@) 
y of 
Be 
v a 


DpOuD, juawUOIAUg 
‘@DIAIBSG JUBWUOIIAUZ WIeYdsoW)Yy ‘SpIdd0y A\yyuow 








'9IINOS DJOG 


EL6IL-LIOSL ‘YsNB ny oO; ADw ‘Vv AsDB}0> UOHDIS “YUNOWD |{OJuID4 JOJO} pud 
44/ww CZ Buipae sxe Ajisuajul jjOJuIDJ Ajsnoy jo ADuUaNbas usaMmjaq diysuoyojay 


[-Z esnB14 





he) jo) 


oOo 
N 
4y /ww C7? Zz [JOsulos jo SANOY 4O JaQqQunn 


SC 


O€ 


a <a 
So i Few _ = - 


= mu" al as oo — 


qiibee>s ne xtisnatn’ Hvainie ot, vhued te sane upon feew! od qidgasitel on 
Tata eugQvA of t yom A igisS nol ole tr NUGMTD lintrion fotet kno yO 


iw “St f 


¥ 
= 5 


miteo’ etc : a =| 





356 


Figure 7-2 


Precipitation and rainfall amounts for eight selected stations, 
April to September, 1974 
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Figure 7-2 (cont.) 
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Figure 7-3 
Cover density for selected sites April-September, 1974 


O Measurments after partial clipping of vegetation cover 


© Measurments unaffected by clippings 
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PLATE 3-1 Uppermost terrace level along Pekisko Creek. 
BbOULe Ooekn@ecacty rot Cartwright Section (Sect. 25> 16=="5)e 
Note the hummocky appearance of the level and calcareous 
tains deposit. 








PLATES 2a lerrace Levielopeitemlower Three —Point Creek, 
Looking east from the uppermost level. LOWES VegLey cia sas 
beyond the willow grove to the right. 
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EPUADE 3-3) Overly grazed areas in Campbell Section 
(Sect. 32-19-24-4), A sizeable area of this coulee in the 
Gastern part of the section has developed into a badland 
type of topography. 


—— ee — 





PIA TESS Ue incipient 
gullying in Campbell 
Section (Sect. 32-1 9= 
24-W4), West Arrowwood 
Creek. Located 
immediately north On 
DiOLeas Wize (Fi Qmeemn| 2). 
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PLATE 3-5 Eolian “deposits in Merkel Section (Sect. 2-19- 
25-W4), West Arrowwood Creek. Located in northeast corner 
CmesecCvion «(Figs s3=73) ¢ 





PLATE 3-6 Local sedimentation in ditches, Merkel Section 
(Sect. 24-19-25-W4), West Arrowwood Creek. These are mainly 
fine wash deposits found in the northwest (Fig. 3-13). 
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PLATE 3-7? Shallow slumping in Steiner Section (S€ct. 3) —78-= 
Z4-W4), West Arrowwood Creek. Cattles trad Pees found 
adjacent” e%to Slump. Note™ shallow «slumping "scars “in 


background. They are the ones found near site #11 (Fig 3 
14). 








PLATE 3-8 Cutbanks ~- along coulee, Steiner Section 
(Section. 31-18-24-W4), West Arrowwood Creek. Looking south 
Eon South Of site #4 (Fig. 3-14) 7) 





Bi 








PLATE 3=9 Erosion on cultivated Tand; Weber Section 
(Sect. 7-20-25-W4), West Arrowwood Creek. Note the Slightly 
SscGeper slope to the veftt, 








PLATE 3-10 Valley DOD per Stimson, Creek, “Smith 
Se6Cr1One (9 6Ciwm 2o—5=3-N5)). Typical V-shaped valley in 
western part of section (Fig. 3-18) developed on Mesozoic 
sandstones. 
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PLATE SS=— 14 oand.) and 


(Sec 


23-15-3-5), 
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gravel deposits, Smith Section 


Stimson Creek. 





PLATE 3-12 Outwash 
deposits, upper Three 
Point Creek. Outwash 
deposits resting on 
Belly River Sandstone 
and Interbedded Shales 
TOs UneCmLett em ocale 4s 
given by three=foot 
ruler. 
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Closeup of erosion plot, Plot #C4, Cataract North 
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APPENDIX 4=1 
EXCeeDre (ron Faper = bY ERYAN, fh. Bb. 


"An improved rainfall simulator for use in erosion research" 


Canad tans Journal oLefarth Sciences, = V.7,) 1552-1561. 
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Although the basic principles of the Sheffield unit 
were adhered to in the new Simulator, it was ‘completely 
redesigned to incorporate modifications and to take 
advantage of a larger laboratory. This mada it possible to 
house a unit with an appreciably larger falli-height, 
allowing a closer approach to terminal velocity for falling 
drops. The completed unit is 2.77 m high, compared with the 
2.16 m of the Sheffield unit; the respective fall=heights 
Abeele oo meance!, 60 mM. The = baste  rramevork™ -COnSiStsS@ aor a 
5 x 5 cm welded angle steel sheathed on two sides by 
perspex, allowing observation of samples during experiments. 
Pree LLOOreaLlea or tne Unt 1sei.osex 0. odems =A Sbasale tank 
of sheet aluminum rests in the framework 45.72 cm above the 
PUGCOT wernt sS last CedhMensS von Seale, Bie oak 0,008 xs 0. 158m, Dat 
the base. slopes 2.5° to permit free drainage to a 3.8 cn 
diameter copper outlet pipe. 


One improvement suggested by work with the Sheffield 
unit was the development of a sample pan which would permit 
separation of material splashed and washed off the sample. 
The resulting sample pan, which rests in the center of the 
basal tank, is of somewhat complex design, but has proven 
very satisfactory in operation. TE=consists Gl an outer 
eolashewan, o0.0°X 50. 8) x 1052 ccm, thegbase ol which slopes 
607 to a’ slot cutilet which passes’ through the basal tank to a 
movable collection tank beneath the unit. The splash pan is 
mounted on a pivot at the downslope end which allows the 
inclination to be altered from 0 to 30° by means of a worm 
and screw mechanism. Four 91 cm angle aluminum uprights are 
attached to the splash pan by wing nuts, permitting the 
attachment of a polyethylene screen to collect material 
splashed off the sample. This is a considerable improvement 
on the Sheffield unit the splash screens of which were only 
25 cm high, allowing a significant loss of material. Even 
Heing  ¢a 941 =cuScréene there 15 probably a certain amount of 
loss? as *fliison*s ~{(1945) work has shown that splashed 
material can rise to 1.528 m’"above® the" sanple>, =~but 
observation indicates that the fraction lost 16 
ine+gniricant > The actial” “sanple “is Pcontarned’ ana 
S605 xOS0S5> x8 10725em inher’ pan; which-rests*en fours metal 
studs in the base of the splash permitting free movement of 
washed material beneath it. The sample pan clips urder the 
lip of a second slot outlet, the lip being flush with the 
surface of the sample, so that all the material washed off 
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the sample passes through the basal tank to a second movable 
collection: stank. fhewrouter = surface, “of “this outlet as 
perspex to allow complete cleaning after each experiment. 
Access to sample and splash pans is through a 91 x(1 cm 
door, which seals with a rubber flap. 


(lesstNUlaLOresvray unit ssebacically simi laretouthat 
in the Sheffield unit, but there are a number of detailed 
design changes. In the Sheffield simulator the position of 
the spray unit was fixed, the spray rotating through an arc 
of 5°, while the new unit moves to and fro across the top of 
the Sample through a distance of 30.5 cm. The unit consists 
of two banks of copper pipes mounted in a rigid framework 
which rests on nyloh-bushed bearings in sliding grooves. 
Each bank has two parallel, connected 9.5 mm diameter pipes, 


jeo come) apart. The two banks are 45.7 cm apart and are 
inclined towards one another at a set, though freely 
adjustable angle. Fach pipe is drilled and tapped to take 


EOUE Spray nozzles, 776 Cm apart, the Nozzles” “of “adjacent 
pipes being staggered. Four nozzie diameters, 0.29, 0.79, 
1.58, and 2.16 mm, have been tested in the unit, but an 
infinitely variable range of nozzle diameters is perfectly 
feasible. Four taps mounted on the unit, in conjunction 
with main supply taps allow the four spray pipes to be 
operated separately or in any combination. The nozzles 
project spray arcs upwards, the apical height varying with 
the intensity required, and being limited only by available 
accommodation and water pressure. 


Movement of the spray unit is actuated by a Schrader 
Recip-ro-pac compressed air motor, mounted on a framework at 
one end of the-unit: The original design. provided for .an 
electric motor operating through a piston and crank 
mechanism, but the compressed air unit proved much more 
flexible allowing a wide variation in adjustment of speed 
and stroke length. Speed is adjusted by a screw, while the 
Sseroke | bengeh, Can. ebe jg altered ~ iby. Simple, adjustment obea 
movable collar. During all work carried out so far the 
stroke length has been fixed at 390.5 cm. The compressed air 
tnit isi fitted with a lubricator, and for operating comiore, 
it also proved necessary to fit it with a muffler. 


Water supply to the spray unit is from mains via a 
Ses mn d@ianeter copper pipe, which) »splitsy too gsupply each 
bank "of the unit»separately. “Two simple flow ‘gauges were 
originally fitted, but proved InsitlLicienuly JaccuLater coc 
steady operation at the very low water pressure required 
(invariably less than 2 p.s.i.). Two Fisher type 922 
pressure regulators were subsequently incorporated providing 
flow control adjustable irom 0.5 tole. 5) paSea. 
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APPENDIX S-1A SOIL LOSS VARIABLES OF TESTED SAMPLES 














DRY RUN Were RUN LeeOr TPA WITH COVER SIHULATION* 

SITE HASH SPLASH TOTAL WASH SPLASH TOTAL WASH SPLASH TOTAL WASH SPLASH TOTAL 

LOSS LOSS LOSS LOSS LOSS LOSS LOSS LOSS LOSS LOSS LOSS LOSS 
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cco? 1367 13.7 27.3 10.8 11.8 22.6 271.3 22,6 50.0 0.0 0.0 0.0 
cc08 18.6 36.0 54.7 51.0 WG WWSia7 Sani VOSS 25 15758 3.7 10.8 14.5 
cco9 Bxlas Wsl3inS SOAS) SNSSCS) AWAB6@) BEE") S56 PISS5) GEG 0.0 0.0 0.0 
cct1 2265 2e conten Wile Sm SHO mon COO Mm SFO gael Ue Sem UOs a 1Olg 9 0.0 0.9 0.0 
efen 2 VSioO YOUo shia AB2o2) BOO) MeAg8 Sse MSA okays 0.0 0.0 0.0 
cCci3 Weiss S055) Fstsics) Wo SA eis Fea) ash) WS a 0.0 0.0 0.0 
CNO1 4.4 5h 60.1 1S de) VOSS Bie 12325 60218 123252 163.6 825) 1836) 2751 
CNo3 UshioS) Eiliot SIGA59 Silo Seiosl GONG S59) CNG sola 28-6 365.3°17193.9 
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PBOS 9.4 8.7 952 lisa 16.4 itas 9.2 Agi5 26.7 0.2 2.7 3.9 
PBS9 0). 3 3344 ES 7/ 0.3 38.8 3952 2357 33.1 72.9 Os2) 1058) 115.0 
PB6O0 54 85.3 B9.6 ZisiD) 88.5 91.0 89.6 91.0 180.7 2.7 7.7 1024 
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PR62 1.9 48.5 49.5 4.0) 109.9) 113.59 HOCSe 136 9m 1OSe4 ine akeears — itscat/ 
PBO64 2.0 445 43.5 4.9 83-1 88.0 43.5 88.0 1431.5 25S 1059R a1 353 
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PBO66 48.5 165.3 213.3 Spa Je 2o2e Se Siee ON 2 156. Oe Sie. Om 25.68 6.8 39.8 46.6 
PB67 3.3 78.7 82.0 as) VEIT Css ats) 82.0 148.6 230.6 0.0 0.0 9.0 
PBEB 38.5 Tie se aheess S222) WITS) W665" WS.69 W66.55 282.4 Teg Bove 1056 
PBE9 Gece oo ee 909 V4.2) 274.3) 288.5) 19:09, 288.5) ~479.5 C595 23505 (2729 
PB70 iis SNems Salish! 51.0 186.4 237.24 17851 237.4 355.5 3545 13575 1750 
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PB73 8.0 206.6 214.6 VWeSs) S54.) S71265 214.65 3715.6) S86..2 10.4 48.1 58.5 
PE13 2.6 60.4 62.9 Nee 1Sileoe 13569 62.98) 13529e) 19859 eos AS I9m 1653 
PC14 GBis2e N2ee0) 226.29 W52—9N 155.45 308.2. 226. 2) 308. 2a SSeS TOSSES 2e3 wate 
BES 1.5 36.6 38.2 1.9 70.1 72.0 3852 72.0 110.2 0.0 0.0 0.0 
PC16 HSI. A09.4s T5951 58.4 150.4 208.8 159.1 208.8 367.9 9.6 31.17 40.6 
PGW? Coc He 139525) 20:)/56 87.0), 2324) 39954) 207.6) 31950) 52750 11.6 41.0 52.6 
PC18 re OOS Cm 6550 Teo4, 303685 31123) 163865 3739.35 475.9 AS2e 5551795969 
PC20 14.9 14.9 29,8 26.1 32.33 58.4 29.8 58.4 88.2 Say lethal hos! 
BEZH 33.6 63.4 S629 Ti. Oe 15 5R45 22:975.9 96595 22959) 226-9 32.3 72.1 1048.4 
PC22 Sem OOM tao Uehys) Wales gis “isi ep Geli ASI rh Ae) 0.0 0.0 0.0 
BEZS 27.3 Poa Weak) Seen 2OUR IO Selie Im lUOS Imes cimOmZibteo Wets7/ erst en b5 9) 
Pc24 B03 80.9 84.2 465 125.75) 13063 84.2 430.3 274.4 1.9 iss} ys: 
PC25 26.1 Hon 7 75.8 44,7 9057) 13565 Pires’ ER ASY hake! Hse) Weoth aloe 
PC26 22.4 53.4 158 42.3 TON aed 1S. Be Viste 20taS 13.79 SiO) 6426 
PC27 31.6 41.5 45.1 5.2 19.1 124.4 G5.) 124.4) 169.5 Zale eos 
BEZ9 55.9, 12066) 17.655 S0s7e 175.35 266.05 Vi6s55 266505 422.5 7-6 38.5 46.1 
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APPENDIX 5-1B SOIL PROPERTIES VARIABLES 








WSA WSA WSA WSA MWD G&D MOIST SAND SILT CLAY CRSD ORG BULK 
SITE >3.0MM >2.0MM >1.CNM >0.5MmM URE 0.5-4.0 CARBON DENSITY 

(4) (%) (4) (%) (MM) (4M) (%) (K) (4%) (%) MB (4%) (*) (G/CC) 
cco3 Sof 28e5 9 Stas) HE.6 0.06 90.68. 2.1 92 6 2 75.6 0.72 o.36 
cco4 ee 9.4 227.6 921.6 9 6.55). 0.36 221° 77 42 6 54.2 0.94 1.39 
CC06 SST PLAS. te P62 ete 0.67 80589 oar e Pag 8 60.5 1.05 1.29 
cco7 1.5 Po eto. to e9.2 a 20-62 0.0) 2.9 erie ag B 62.6 0.51 1.44 
BCOE a 25.6, 84.1 prGs57 8 7320) 15795) dike 320) S008 4a) 9 26 9.4 3.38 0.60 
CEOS T1555. P2628 0) 27.9 | 61.5 0.58 0257 254 9546 53 “16 49.97 1.25 93.99 
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Pc13 3.4 7.9" ihe5 25.0 “0.580 0.98 4.5) 935 “37. 2s 944.8° fo. 80" Toles 
PC14 Bra «6.99 2os8  GOLG 8 0.98 | 0.50" 2047 eo Moe) es Nocte” 3.63 1.08 
PC15 Sage ace 2654) 2 00.82  25t— 0. es ee es ae 7.55 0.92 
FC16 4.9 @.0. 132%. 92742) 0556 WS 9.30 WR 290 25 ) Sac 9.09 0.83 
PC17 6.5 8 4759 29.2 S0v68 0.02 453 ST 8S ie eee 9 WS] Go.97 
PC18 4.3 813 95.8.) 24.8 0.61 0.39 5.6 56 39. 25 10.8 15.85: 0.62 
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PC31 Tak 4.7 fo VWo8 Oo G52 59 M@) 39 9 W.5 Wass 6,76 
PC32 356 WoO 22.8 WOs Only Oo Al Sy BG AG 7.5 4.85 0.88 
PC33 Bs) (Wo BG GioS Wdaoy Os7 Bod B 8 A Gest 5.09 0.84 
PC38 Yof VGoS So? Ss ©5958 ©4560 9 7 FP AG 28.9 Ne Neale 
Pc39 0.3 4.6 92 We O85 @.55 9 §& ay A) AGee 2568 Wee 
PC4O 1.6 Sol) JAG BEG OS® O56 Soy 38 ce 2S FiGsO DOs  Ca76 
PC42 1.6 S66 I8,7 2S65 (557 O.50 S64) So 37 25 died Ws Wows 
ERO Qed s See 92203" 26.685 168 0 8 1612910166 522" 63a) st) 36 ONO MEE SOG’ 
PRO2 5a) WASP? ASS S657 Gb Woh Seo 30 a 50 6.5 237 OTS 
PROY S39 (8s S40 GE65 @575 0453 2. 22 M@ 30 Bol 3.58 0.86 
PROT Bas tkes S9ee VSSL9 S4e02 O<be —S¥e. 27. “aq. 32 6.7 BO Ook 
PROB 5 lod 2750 W758  O405 @O4655 Goth Sh ao 26 0.8 15.50 0.54 
PRO 0.8 Roe dis@ AG  Whs5 O90 269 Be ay 55 5.2 Vos a? 
PR12 B.o(8 G9 25.0 802 O54 @eS Sad 86 25 28 5.7 bese. 0.71 
PB13 Bee, 19s7 98720" F155 —“Ak2e> cee 4.9 46. 30, 52 0.9 5.62 0.78 
PS01 255 55 WGoS 56 cs O82 266 SG BF 2m ah 3.55 One 
PS02 Oe 4.4 Bol Woe @si0 O33 200 55 25 9& 2a. 6.59 0.85 
ESO WoO BABot) SOs8 God Woah O58 G6 56 BO 25 563 16.51 0263 
PS05 Jai Mio GWG COs Woks 67S 2s Sh 25 fH 6.0 7.05 0.68 
Psog Ta ‘isd EBs Sash  Gs990 0565 342 26 3h S4 6.9 5.57 0184 
PS10 1.6 Seks ys 11-9" 79.0 woes O Ness Hte Goo ss" Ve. 1461 40.99" §02 59 
FS15 4.4 Go) P22 W555 0576 55) SoS 7 Se 26 Wai 4.04 0.91 
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THOS 3.4 os WSs B0n5 Goo8 Oh WS sh 25 26 3.3 6.85 0.78 
TH10 22) Set Sixt ese 025s) Uses Sony Sees) 989 9.1 3435. 0692 
MAP Geo  wiko sigs Geoe) Ws Ooo? Bol) YR ge we 1.5 8.34 0.76 
PROG 1554 25:0. 33.6 —USE7 WetO0 sbi 194 p09, 9 9 S20 538s dot) dol 
THOT 3.6 Aa We. Silo O55 O59 840 OF og 28 WSoc 6.85 0.73 
TA 20. Gel GeoG G9 de65 UsiS 82 26 BF De og 4.81 0.79 
TAR Gens Sesh See? “GS sae Ose Soh Sy ge tay a5i55 5540 Oo0e 
TWO DA Hac Aaa MG Wows. Wess) seo We Ber aay Sits ESO OegS 
TH03 ay Eo Apo 39.2 G62 O557 Uo SS 2 Fp Ags 0.86 1.10 
THOS 2.5 Say aie Noa Ont® Ool® 245 55 Ay WO 1965 5.12 0.81 
THOS 3.5 doe 8849 Gyo) Way OF52 Doo So fe ay 9.1 Save! Wary 
THi1 0.0 0.3 0.9 hie (rhe Gel, ene ern Tae © el) Bae 1.04 4207 
Mei Osc) IyS5 ech fee UoS abe? sys Fe AS Bey ve ee sock! 
mre geal, Wag Geol  7esG Wis 407 Boy 2h % Be AaaT owl  OSEM 
myien 16.0 962k, Sas0 65 e2" IL die Oroce eto aye son gels eas 1.38 1.00 
are WGel wee Bee WAS als Gad Bo ae ms se 0.9 5.22 0.87 
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APPENDIX 5=-1C RUNOFF & OTHER VARIABLES 


DRY RUN WET RUN ADJ 
UNADJ ADJ UNADJ ADJ TCTAL TEST LAND 
SITE RUNOFF RUNOFF RUNOFF RUNOFF RUNOFF SLOPE USE HORIZON 
(MA) (MM) (4M) (MM) (MM) (DEG) 


CEC 3eeen co 0.00 Pa A 0.00 0.00 30 1 4 
ccos 33.938 0.44 4.49 ica i) iad 30 1 4 
PLO. Sl IS) 0.21 4.c4 1.00 21 30 | 4 
CCC es G 0.00 3.42 0.00 0.00 30 1 4 
ccosg8 4,38 0.84 6.46 Poe leo 31,0 30 i} 5 
CEO) Sirol ys) Tes ee © eee ies OMe! Cin 20 30 3 3 
COT am Omnia) lame Son) See? | guest so 30) 3 3 
COU Ze aie dS Orme OO OUNR1 One O@n2 Ou 30 S] a 
(NER epee Vp SAG HE geld spo AO (ORE | Agia 20 3 3 
CuO 22.26 0.00 9.37 G2 a9 6.89 10 2 3 
ChO sme ss 0 Se Ome a0 (eet SS Ome thi ae Oo 30 3 3 
CNG > ese 9 Ces) 3.54 0.00 0.25 30 1 4 
CNOUGwea. sc | OS97 5.64 2.10 2e07 30 3 5) 
(UOTE | Base: 0.00 2.63 0.21 0.21 e 3 s) 
CNG Slee 290 2a 0 md Osu © 6. 52 €.88 30 3 3 
aE Pines) 0.00 2a10 0.00 0.00 =) 2 1 
CSO2 2.40 0.00 Za ds Osten 0.51 3 3 3 
Codes. 26 0.78 Lees 0.68 1.46 10 2 3 
CSG, 53-50 Oe 92 4.90 2.42 3.34 10 3 3 
CSU ime. 4 2 2.18 [ister 4.07 6.24 30 2 3 
CGSUB@ 5. 60 0.06 6.28 2.74 2.80 30 1 4 
PBO? 2.49 0.00 eae G.00 0.00 30 2 1 
PBO2 4.04 0.50 3436 0.00 0.50 30 Zz 1 
EE Csemere 26 2 0.74 wey 0.00 0.14 10 2 1 
PESS ee ooo 0.96 2.69 Olea! 1.24 2 a 1 
PEGOS 335.39 Ona ate y, 0.39 12630 10 2 4 
PB61 2.08 0.00 2.1 0.00 0.C0 10 Z 1 
PEGQ] 259 | 0.49 20 One! 0.77 3 2 4 
PB64 1.97 0.00 2.04 0.00 0.00 10 2 1 
PB6> ~2.78 0.30 Zao t Om 13 0.43 10 2 1 
PB66 6.15 2-61 Pens 126.59 4.21 30 2 3 
PB67 2.84 0.36 ParEeMS 0.00 0.36 10 2 1 
PB68 5.68 2.74 yey the Ze 4.32 30 2 1 
Poo Je oe. Zo 0.00 Sree 0.64 0.64 10 2 1 
PRO 25.22 1.68 Dio 1.80 3.49 30 x 1 
PB71 2.44 0.00 2.68 0.20 0.20 10 2 1 
PB73 2.89 0.41 Zeiss 0.31 0.74 10 2 1 
Pisa cen), 0.00 2-08 0.00 0.00 3 2 1 
PC14 6.30 276 8.85 Se 8.07 30 2 3 
PG homme alo 0.00 2236 0.00 0.00 3 e 1 
POT. 65.02 1.48 po Mt 2503 3.51 o 2 1 
OR eed Ma ieee. ONS 2.02 4.2! 30 2 1 
PC18 ©2534 0.00 oe59 0.00 0.00 10 2 1 
PEZO “35h 0.00 Sih) 0.00 0.00 30 2 1 
PE24  -35356 0.00 S224 0.90 0.00 30 4 3 
PC22 5.78 2.24 Reece ri i Be. 5.03 30 2 7 
PC23 4.42 0.88 4. 16 0.62 1.51 30 zZ i 
PC24 2.19 0.00 2042 0.00 0.090 10 2 1 
POZS, “Sez 0.00 ae 23 0.00 0.00 30 29 1 
PC26 «64.04 0.47 4.05 0.51 0.99 30 1 4 
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PC27 
eCz24 
PC31 
PC32 
ECs 
PE38 
PG39 
PC40 
PC42 
PRO 
PRO2 
PROY 
PRO7 
PRO8 
PROQ 
PRI2 
PR13 
PSO1 
PS02 
PSO4 
PS05 
BSOg 
PS10 
Ps 
Ter s 
TCAg 
TC24 
Loz. 
FES Z 
C33 
TES 
TC36 
eS7 
TE38 
PEO 
TEO2 
TES 
TEOQ5 
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To test the goodness of fit of sample distributions 
to normal curves having identical mean and standard 
deviation, the K=S one-sample test (Siegel 1956) was 
employed. The null hypothesis is : 

H = F (0) = F (8) 
while the alternative is 

H set (©) seeeee Ca, 
where F(O) is eT distribution and F(E) is expected 
distribution. {D | measures the maximum deviation of the 
observed from the expected cumulative frequency 
distribution. The hypotheses are tested at the 5 percent 


significance level and the results are presented in the 


following table. 
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APPENDIX 6-1 
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To predict Wp, a multiple regression equation was 
computed using Wp as the dependent variable and all other 
variables as independent variables ; 

Foe Cte 4 0. 87H (bane) + 0.012 (0) = O045(cG) + 9.006(Cy) 
(6.6) 


WitheeRe 90. c0, and n = 14s. 
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APPENDIX, 6=14 


= 8 | © oe aS > he ae BS ee 
SES ED DT DD ES OS ED ee Ee BD ES ee Ee Se OSS tee ED OS SD ES Se Saw SS GSS Uae Ee wee we Gee SED GS mab wee BES Os We aes Te ee 


wes eee SS DD Em es ES OS aD Toe oo Eee Ges mS ED CAS GS OOD RD WD EES ae GES Se Ee Oe oO 


For the Multiple Regression Model: 
sgh | etek Aes Boh ab Gide Seb ary od tery ue Wade pie aeye 2 at cind os (1) 
Holding any one independent variable, (e002 os =) kT, 
constant gives ;: 


fe pea att, Ke 4h Kee te etal ts + bax, + Cet (2) 


Thus, Equation (2) = (1) gives : 
Vin tema, = aD Dek eect BAe tere 
SB TOS omen i abe Se alee) 
or eae Nyy as Spa Martie SA Rea ae (3) 
Serr cily speaking, for cach ¥;, c;* # Cull es sees 0 On 


cole ares. BU SLOr =practicar LTeasons, it 325 assumed that 


tieir difference is small so that 


Ania wee wtes (Keema) (4) 


A second assumption is that only the independent 
variables have measurement errors but in actual fact there 
is at least a comparable amount of measurement error in the 


dependent variable. 


For log transformed variables then, 
1a Git tO Ye )ie fa Oot OG Kar Lo eas 7) 


by 
SRO NCR Ba Aig {k/X, ) (5) 
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since RUNOFT Was not used™ as “part of the soil 
parameter in Model A, a new regression equation was computed 
dropping RUNOFT as the independent variable. The result for 
148 laboratory data sets shows 
10g (CTT) = 4258 + 0.40 Log (sinecose) - 0.1791(G) - 0.26(cy - 
OOo Cy neo (Logucs) 


Wlth hee= 0.74. (IGTT 1s) comrected total loss. 
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